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Preface

The United States Environmental Protection Agency (EPA) prepares the official U.S. Inventory of Greenhouse Gas
Emissions and Sinks to comply with existing commitments under the UnitechBl&tiamework Convention on

Climate Change (UNFCCClnder decision 3/CP.5 of the UNFCCC Conference of the Parties, national inventories
for UNFCCC Annex | parties should be provided to the UNFCCC Secretariat each year by April 15.

In an effort to engagthe public and researchers across the country, the EPA has instituted an annual public review
and comment process for this docum@ihie availability of the draft document is announced via Federal Register
Notice and is posted on the EPA web S@iepies & also mailed upon reque$he public comment period is

generally limited to 30 days; however, comments received after the closure of the public comment period are
accepted and considered for thetredition of this annual repoublic review of thigeport occurred from

February 15 toMarch 17, 2017 andomments received are posted to the EPA web site.
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Executive Summary

An emissions inventory that identifies and quantifies a country's primary anthrogogmunices and sinks of
greenhouse gases is essential for addressing climate clargmventory adheres to both (1) a comprehensive and
detailed set of methodologies for estimating sources and sinks of anthropogenic greenhouse gases, and (2) a
common and consistent mechanism that enables Parties to the United Nations Frameworko@anv@iinate
Change (UNFCCC) to compare the relative contribution of different emission sources and greenhouse gases to
climate change.

In 1992, the United States signed and ratified the UNFCEC. VWDWHG LQ $UWLFOH Rl WKH 81)&&!¢
objective of this Convention and any related legal instruments that the Conference of the Parties may adopt is to

achieve, in accordance with the relevant provisions of the Convention, stabilization of greenhouse gas

concentrations in the atmosphere at a levat Would prevent dangerous anthropogenic interference with the

climate systemSuch a level should be achieved within a tiireane sufficient to allow ecosystems to adapt

naturally to climate change, to ensure that food production is not threatenedeaatltoeconomic development to
SURFHHG LQ D VXVMWDLQDEOH PDQQHU ~

SDUWLHVY WR WKH &RQYHQWLRQ E\ UDWLI\LQJ 3VKDOO GHYHORS SHULRC
inventories of anthropogenic emissions by sources and removals by sitikgreéahouse gases not controlled by

WKH ORQWUHDO 3URWRFRO XV LG@ThéBRes Statesiiews tRisHepeitaSaR OgRAr Uity «

to fulfill these commitments.

This chapter summarizes the latest information on U.S. anthropogenic greeglasiemission trends from 1990
through 205%. To ensure that the U.S. emissions inventory is comparable to those of other UNFCCC Parties, the
estimates presented here were calculated using methodologies consistent with those recommer2&s in the
Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas InvéiR@@s
2006).The structure of this report is consistent with the UNFCCC guidelines for inventory regorting.

Box ESl: MethodologicalApproach for Estimating and Reporting U.S. Emissions and Sinks

In following the UNFCCC requirement under Article 4.1 to develop and sutatidnal greenhouse gas emissions
inventories, the gross emissions total presented in this report for the Btited excludes emissions and sinks
from land use, landise change, and forestil{LUCF). The net emissions total presented in this report for the
United States includes emissions and sinks from LULUGIFemissions and sinks are calculated usirgfhrods

17KH WHUP SDQWKURSRJHQLF ~ LQ WKLV FRQWH[W UHIHUV WR JUHHQKRXVH JDV H
activities or are the result of natural processes that have been affected by human activities (IPCC 2006).

2 Article 2 of the Frarework Convention on Climate Change published by the UNEP/WMO Information Unit on Climate

ChangeSee <http://unfccc.int>.

3 Article 4(1)(a) of the United Nations Framework Convention on Climate Change (also identified in ArtiGeii@quent
decisions i the Conference of the Parties elaborated the role of Annex | Parties in preparing national invee®ries.
<http://unfccc.int>.

4 See <http://unfccc.int/resowliocs/2013/cop19/eng/10a03 pdf
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that are consistent wiihternationallyacceptedyuidelinesprovided by the IPCC Additionally, the calculated

emissions and sinks in a given year for the United States are presented in a common manner in line with the
UNFCCC reporting guidelines faine reporting of inventories under this international agreefiehe use of

consistent methods to calculate emissions and sinks by all nations providing their inventories to the UNFCCC
ensures that these reports are comparable. The report itself fdlisvssaindardized format, and provides an
explanation of the methods used to calculate emissions and sinks, and the manner in which those calculations are
conducted.

BoxES: W [+ ' VZIpe '+ Z %}ES]VP WEIPE u

On October 302009, the U.S. Environmental Protection Agency (EPA) published a rule for the mandatory

reporting of greenhouse gases from large greenhouse gas emissions sources in the United States. Implementation of
40 CFR Part 98 is referred to as the Greenhouse gasrttig Program (GHGRP). 40 CFR part 98 applies to direct
greenhouse gas emitters, fossil fuel suppliers, industrial gas suppliers, and facilities that inject carbon dig)xide (CO
underground for sequestration or other reag@®eporting is at the factij level, except for certain suppliers of

fossil fuels and industrial greenhouse gases. The GHGRP dataset and the data presented in this Inventory report are
complementary

The GHGRPdatasetcontinue to bean important resource for the Inventory, pravgdnot onlyannualemissions
information, but als@ther annual information, such astivity data and emission factors tlkahimprove and
refinenational emission estimataad trends over tim&HGRP data also allow EPA to disaggregate national
invenry estimates in new ways that can highlight differences across regions acatesydiries of emissionalong
with enhancing application of QA/QC procedures and assessment of uncertainties.

EPAuses annual GHGRP data in a number of category estimatesraitlies to analyze the data on an annual
basis, as applicable, feurtheruse to improve the national estimstpresented in this Inventory consistent with
IPCC guidancé

ES.1 Background Information

Greenhouse gaseabsorb infrared radiation, theretrgpping heat and makg the planet warmer. The most
important greenhouse gases directly emitted by humans incdwden dioxide €O;,), methane (Ch), nitrous oxide
(N20), and several other fluorireontaining halogenatiesubstances. Although GGCH,, and NO occur naturally
in the atmosphere, human activities have changed their atmospheric concenfetiorthie prandustrial era (i.e.,
ending about 1750) to 2B1concentrations of these greenhouse gases have edigabally by44, 162, and21
percent, respectively (IPCC 2013 and NOAA/ESRL70This annual report estimates the total national
greenhouse gas emissions and removals associated with human activities across the United States.

Global Warming Potentials

Gases in the atmosphere can contribute to climate change both directly and infinesttyeffects occur when the
gas itself absorbs radiatioimdirect radiative forcing occurs when chemical transformations of the substance
produce other greenhouse gaswhen a gas influences the atmospheric lifetimes of other gases, and/or when a gas

5 See ittp://www.ipcenggip.iges.or.jp/public/index.html>.

6 See ittp://unfcce.int/resource/docs/2013/cop19/eng/10a08. pdf

7 See <http://www.epa.gov/ghgreporting> and <http://ghgdata.epa.gov/ghgp/main.do>.
8 See dttp://www.ipcenggip.iges.or.jp/public/tb/TFI_Technical_Bulletin_1.pdf
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affects atmospheric processes that alter the radiative balance of the earth (e.g., affect cloud formation %r albedo).
The IPCC developed the Global Warming Potential @\wbncept to compare the ability of each greenhouse gas to
trap heat in the atmosphere relative to another gas.

The GWP of a greenhouse gas is defined as the ratie accumulated radiative forcing within a specific time
horizon caused by emitting 1légram of the gas, relative to that of the referenceGfagIPCC 2 4). The
reference gas used is g@nd therefore GWHAeighted emissions are measured in million metric tons of CO
equivalent (MMT CQEq.)1011 All gases in this Executive Summary aresgnted in units of MMT C£EQ.
Emissions by gas in unweighted mass tons are provided in the Trends chapter of this report.

UNFCCC reporting guidelines for national inventories require the use of GWP values friit@@ &ourth
Assessment Rep@iR4) (IPCC 2007)L2 All estimates are provided throughout the report in both @fivalents
and unweighted unité comparison of emission values using the AR4 GWP values versus thdE2R 1996),
and thePCC Fifth Assessment Rep@iR5) (IPCC 2013) GWP vaks can be found in Chapter 1 and, in more
detail, in Annex 6.1 of this repoithe GWP values used in this report are listed belovalrie ESL.

Table ES-1: Global Warming Potentials (100 -Year Time Horizon) Used in this Report

Gas GWP

CQO2 1

CHg? 25
N20 298
HFC-23 14,800
HFC-32 675
HFC-125 3,500
HFC-134a 1,430
HFC-143a 4,470
HFC-152a 124
HFC-227ea 3,220
HFC-236fa 9,810
HFC-4310mee 1,640
CFRs 7,390
CoFe 12,200
CsF10 8,860
CsF14 9,300
Ske 22,800
NF3 17,200

aThe CH. GWP includes the direct
effects and those indirect effects due
to the production of tropospheric
ozone and stratospheric water vapol
The indirect effect due to production
of CQzis not included.

SourcelPCC (2007)

9 Albedo is a measure SNKH (DUWK{V UHIOHFWLYLW\ DQG LV GHILQHG DV WKH IUDFWLRQ R
is reflected by it.

10 carbon comprises 12/44 of carbon dioxide by weight.
11 Onemillion metric tonis equal to 18 grams or onéeragram
12 see 4ttp://unfece.int/resource/docs/2013/cop19/eng/10a03. pdf
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ES.2 Recent Trends in U&Eeenhouse Gas
Emissions and Sinks

In 2015, totalgrossU.S. greenhouse gas emissions WiE86.7million metric tongMMT) of CO, Eq. Total U.S.
emissions have increased & percent from 1990 to 281and emissiondecreaseftom 204 to 2015 by 2.3

percent {53.0MMT CO- Eq.). The decrease in total greenhouse gas emissions between 2014 and 2015 was driven
in large part by a decrease in £&nissions from fossil fuel combustiofhedecreasin CO, emissions from fossil

fuel combustion was a result wiultiple factors, including(l) substitution from coal to natural gas consumption in

the electric power sectof2) warmerwinter conditionsn 2015 resulting in alecreased demand for heating fuel in

the residential and commercial sect@nsd(3) aslight decrease in electricity demaiklative to 1990, the baseline

for this Inventory, gross emissions in 2015 are higher by 3.5 percent, down from a high of 15.5 percent above 1990
levels in 2007Figure ES1 throughFigure ES3 illustrate the overall trends in total U.S. emissions by gas, &nnua
changes, and absolute change since 1096rall, net emissions in 2Biverel1.5percent below 2005 levels as

shown inTable ES2.

Table ES2 provides a detailed summarygrossU.S. greenhouse gas emissions and sinks for 1990 through 201

Figure ES -1: Gross U.S. Greenhouse Gas Emissions by Gas (MMT CO 2 Eq.)
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Figure ES -2: Annual Percent Change in

Previous Year

Figure ES -3: Cumulative Change in Annua

1990 (1990=0, MMT CO 2 Eq.)

Gross U.S. Greenhouse Gas Emissions Relative to the

| Gross U.S. Greenhouse Gas Emissions Relative to

Table ES-2: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks (MMT CO 2 EQq.)
Gas/Source 1990 2005 2011 2012 2013 2014 2015
CO. 5,123.C 6,131.€ 5,569.t 5,362.1 5,514.C 5,565.t 54114

Fossil Fuel Combustion 4,740.2 5,746.€ 5,227.1 5,024.€ 5,156.5 5,202.2 5,049.¢
Electricity Generation 1,820.¢ 2,400.€ 2,157.7 2,022.z 2,038.1 2,038.C 1,900.7
Transportatio® 1,493.€ 1,887.C 1,707.€ 1,696.6 1,713.C 1,742.¢ 1,736.4
Industriak 842.5 828.0 775.0 782.9 812.2 806.1 805.5
Residential 338.3 357.8 325.5 282.5 329.7 345.4 319.6
Commerciat 217.4 223.5 2204 196.7 221.0 228.7 246.2
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U.S. Territories 27.6 49.7 40.9 43.5 42.5 41.4 41.4

Non-Energy Use of Fuels 117.6 138.9 109.8 106.7 123.6 119.0 125.5
Iron and Steel Production &

Metallurgical Coke Production 101.5 68.0 61.1 55.4 53.3 58.6 48.9
Natural Gas Systems 37.7 30.1 35.7 35.2 38.5 42.4 42.4
Cement Production 335 46.2 32.2 35.3 36.4 39.4 39.9
Petrochemical Production 21.3 27.0 26.3 26.5 26.4 26.5 28.1
Lime Production 11.7 14.6 14.0 13.8 14.0 14.2 13.3
Other Process Uses of Carbonates 4.9 6.3 9.3 8.0 10.4 11.8 11.2
Ammonia Production 13.0 9.2 9.3 9.4 10.0 9.6 10.8
Incineration of Waste 8.0 12.5 10.6 104 10.4 10.6 10.7
UreaFertilization 2.4 35 4.1 4.3 4.5 4.8 5.0
Carbon Dioxide Consumption 1.5 1.4 4.1 4.0 4.2 45 4.3
Liming 4.7 4.3 3.9 6.0 3.9 3.6 3.8
Petroleum Systems 3.6 3.9 4.2 3.9 3.7 3.6 3.6
Soda Ash Production and

Consumption 2.8 3.0 2.7 2.8 2.8 2.8 2.8
Aluminum Production 6.8 4.1 3.3 34 3.3 2.8 2.8
Ferroalloy Production 2.2 1.4 1.7 1.9 1.8 1.9 2.0
Titanium Dioxide Production 1.2 1.8 1.7 15 1.7 1.7 1.6
GlassProduction 1.5 1.9 1.3 1.2 1.3 1.3 1.3
Urea Consumption for Nen

Agricultural Purposes 3.8 3.7 4.0 4.4 4.0 1.4 11
Phosphoric Acid Production 15 1.3 1.2 1.1 1.1 1.0 1.0
Zinc Production 0.6 1.0 1.3 15 1.4 1.0 0.9
Lead Production 0.5 0.6 0.5 0.5 0.5 0.5 0.5
Silicon Carbide Production and

Consumption 0.4 0.2 0.2 0.2 0.2 0.2 0.2
Magnesium Production and

Processing + + + + + + +
Wood Biomass, Ethanol, and

BiodieselConsumptioh 2194 230.7 276.4 276.2 299.8 307.1 291.7
International Bunker Fuets 103.5 113.1 111.7 105.8 99.8 103.2 110.8

CHa4 780.8 680.9 672.1 666.1 658.8 659.1 655.7

Enteric Fermentation 164.2 168.9 168.9 166.7 165.5 164.2 166.5
Natural Gas Systems 194.1 159.7 154.5 156.2 159.2 162.5 162.4
Landfills 179.6 134.3 119.0 120.8 116.7 116.6 115.7
Manure Management 37.2 56.3 63.0 65.6 63.3 62.9 66.3
Coal Mining 96.5 64.1 71.2 66.5 64.6 64.8 60.9
Petroleum Systems 55.5 46.0 48.0 46.4 44.5 43.0 39.9
Wastewater Treatment 15.7 16.0 15.3 15.1 14.9 14.8 14.8
Rice Cultivation 16.0 16.7 14.1 11.3 11.3 114 11.2
StationaryCombustion 8.5 7.4 7.1 6.6 8.0 8.1 7.0
Abandoned Underground Coal Mint 7.2 6.6 6.4 6.2 6.2 6.3 6.4
Composting 0.4 1.9 1.9 1.9 2.0 2.1 21
Mobile Combustioh 5.6 2.8 2.3 2.2 2.1 2.1 2.0
Field Burning ofAgricultural

Residues 0.2 0.2 0.3 0.3 0.3 0.3 0.3
Petrochemical Production 0.2 0.1 + 0.1 0.1 0.1 0.2
Ferroalloy Production + + + + + + +
Silicon Carbide Production and

Consumption + + + + + + +
Iron and SteeProduction &

Metallurgical Coke Production + + + + + + +
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Incineration of Waste + + + + + + +

International Bunker Fuets 0.2 0.1 0.1 0.1 0.1 0.1 0.1
N20 359.5 361.6 364.0 340.7 335.5 335.5 334.8
Agricultural Soil Management 256.6 259.8 270.1 254.1 250.5 250.0 251.3
Stationary Combustion 11.9 20.2 213 21.4 22.9 23.4 23.1
Manure Management 14.0 16.5 17.4 17.5 17.5 17.5 17.7
Mobile Combustiof 41.2 35.7 22.8 20.4 18.5 16.6 15.1
Nitric Acid Production 12.1 11.3 10.9 105 10.7 10.9 11.6
Wastewater Treatment 34 4.4 4.8 4.8 4.9 4.9 5.0
Adipic Acid Production 15.2 7.1 10.2 5.5 3.9 5.4 4.3
N O from Product Uses 4.2 4.2 4.2 4.2 4.2 4.2 4.2
Composting 0.3 1.7 1.7 1.7 1.8 1.9 1.9
Incineration of Waste 0.5 0.4 0.3 0.3 0.3 0.3 0.3
Semiconductor Manufacture + 0.1 0.2 0.2 0.2 0.2 0.2
Field Burning of Agricultural
Residues 0.1 0.1 0.1 0.1 0.1 0.1 0.1
International Bunker Fuefs 0.9 1.0 1.0 0.9 0.9 0.9 0.9
HFCs 46.6 120.0 154.3 155.9 159.0 166.7 173.2
Substitution of Ozone Depleting
Substancés 0.3 99.7 145.3 150.2 154.6 161.3 168.5
HCFGC-22 Production 46.1 20.0 8.8 5.5 4.1 5.0 4.3
Semiconductor Manufacture 0.2 0.2 0.2 0.2 0.2 0.3 0.3
Magnesium Production and
Processing 0.0 0.0 + + 0.1 0.1 0.1
PFCs 24.3 6.7 6.9 6.0 5.8 5.8 5.2
SemiconductoManufacture 2.8 3.2 3.4 3.0 2.8 3.2 3.2
Aluminum Production 21.5 3.4 35 2.9 3.0 25 2.0
Substitutionof Ozone Depleting
Substances 0.0 + + + + + +
SFs 28.8 11.7 9.2 6.8 6.4 6.6 5.8
Electrical Transmission and
Distribution 23.1 8.3 6.0 4.8 4.6 4.8 4.2
Magnesium Production and
Processing 5.2 2.7 2.8 1.6 15 1.0 0.9
Semiconductor Manufacture 0.5 0.7 0.4 0.4 0.4 0.7 0.7
NFs + 0.5 0.7 0.6 0.6 0.5 0.6
SemiconductoManufacture + 0.5 0.7 0.6 0.6 0.5 0.6
Total Emissions 6,363.1 7,313.2 6,776.7 6,538.2 6,680.1 6,739.7 6,586.7
LULUCF Emissions® 10.6 23.0 19.9 26.1 19.2 19.7 19.7
LULUCF Carbon Stock Changé (830.2 (754.0 (769.) (779.8 (782.9 (781.) (778.)
LULUCF Sector Net Total9 (819.9 (731.9 (749.2 (753.89 (763.0 (761.9 (758.9
Net Emissions (Sources and Sinks) 5,543.F 6,582.5 6,027.€ 5,784 5917.1 5,978.z 5,827.7

Notes: Totakmissions presented without LULUCF. Net emissions presented with LULUCF.

+ Does not exceed 0.05 MMT G@&gq.

aThere was a method update in this Invenforyestimating the share of gasoline used irraad and nomoad applications.
The change does not jpact total U.S. gasoline consumption. It mainly results in a shift in gasoline consumption from
transportation sector to industrial and commercial sectors for 2015, creating a break in the time series. The change
discussed further ithe Planned Impvements section @hapter3.1

b Emissions from Wood Biomassd Biofuel Consumption are not included specifically in summing Energy sector tdetls
carbonfluxes from changes in biogenic carbon reservoirs are accounted for in the estimates for Land UdeelGimange
and Forestry.

¢Emissions from International Bunker Fuels are not included in totals.

dSmall amounts of PFC emissions also result fromsihisce.

Executive Summary  ES-7



€ LULUCF emissions include the Gland NO emissions reported féteatlands Remaining Peatland®rest Fires, Drained
Organic Soils, Grassland Fires, abdastal Wetlands Remaining Coastal Wetla2ids emissions fronLand Converted to
Coastal Wdands and NO emissions from Forest Soils and Settlement Soils.

f LULUCF Carbon Stock Changs the net C stock change from the following categoFResest Land Remaining Forest
Land, Land Converted to Forest Land, Cropland Remaining Cropland, Lance@edvo Cropland, Grassland Remaining
Grassland, Land Converted to Grasslaldetlands Remaining Wetlands, Land Converted to WetlSaeddements
Remaining SettlementandLand Converted to SettlemerRefer toTable ES5 for a breakout of emissions and removals
Land Use, LandJse Change, and Forestry by gas and source category.

9The LULUCF Sector Net Total is the net sum of alls<GHd NO emissions to the atmosphere plus net carbon stock ch:

Notes:Totals may not sum due to independent roundi@gentheses indicate negative values or sequestration

Figure E&4 illustrates the relative contribution of the direct greenhouse gases to total U.S. emissiobs in 201
weighted by global warming potentidlote, unless otherwise stated, all tables anddigprovide total emissions
without LULUCF. The primary greenhouse gas emitted by human activities in the United Statesavas CO
representing approximateB2.2percent of total greenhouse gas emissidhs.largest source of GCand of overall
greenhousgas emissions, was fossil fuel combustidiethaneemissions, which have decreasedlbyOpercent
since 1990, resulted primarifsom enteric fermentation associated with domestic livestock, natural gas syateis
decomposition of wastes in landfillkgricultural soil management, manure management, mobile source fuel
combustion and stationary fuel combustion were the major source®a#issionsOzone depleting substance
substitute emissions and emissions of HEuring the production of HCFE2 were the primary contributors to
aggregate hydrofluorocarbon (HFC) emissidPexfluorocarbon (PFC) emissions resulted as a byproduct of primary
aluminum production and from semiconductor manufacturing, electrical transmission and distribution systems
accoutted for most sulfur hexafluoride (§Femissions, and semiconductor manufacturing is the only source of
nitrogen trifluoride (Nk) emissions.

Figure ES -4: 201 5 U.S. Greenhouse Gas Emissions by Gas (Percentages based on MMT CO 2
Eq.)

Overall, from 1990 to 2(, total emissions of Cf{increased by88.4MMT CO; Eq. (6.6 percent), while total
emissions of Chidecreased b$25.1MMT CO. Eq. (L6.0percent), and pO emissionslecreased b24.7MMT

CO; Eq. (6.9 percent) During thesame period, aggregate weighted emissions of HFCs, PFCan&NFE rose by
85.0MMT CO; Eq. 85.3percent)From 1990 to 208, HFCs increased b,26.6MMT CO. Eq. 271.8percent),
PFCs decreased B9.1MMT CO- Eq. (/8.6percent), Skdecreased b3.0MMT CO; Eq. (79.8percent), and
NF;increased b.5MMT CO; Eq. (1,057.0percent) Despite being emitted in smaller quantities relative to the
other principal greenhouse gases, emissions of HFCs, PRCa®GRE are significant because many of these
gases have extremely high global warming potentials and, in the cases of PFCg tontySftmospheric lifetimes.
Conversely, U.S. greenhouse gas emissions were partly offset by carbon (C) sequestration incfesdstsyiban
areas, agricultural soils, landfilled yard trimmings and food sceaqubcoastal wetlandghich, in aggregate, offset
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11.8percent of total emissions in ZA17KH IROORZLQJ VHFWLRQV GHVFULEH HDFK JDVYV F
greenhousgas emissions in more detail.

Carbon Dioxide Emissions

The global carbon cycle is made up of large carbon flows and reseBithionis of tons of carbon in the form of
CO, are absorbed by oceans and living biomass (i.e., sinks) and are emitted taogpghateannually through
natural processes (i.e., sourc&ghen in equilibrium, carbon fluxes among these various reservoirs are roughly
balanced3 Since the Industrial Revolution (i.e., about 1750), global atmospheric concentrationslwv@@isen
approximately44 percent (IPCC 2013 and NOAA/ESRL 20 1principally due to the combustion of fossil fuels.
Within the United States, fossil fuel combustion accounte@3@percent of CQemissions in 208. Globally,
approximately33,733MMT of CO, were adled to the atmosphere through the combustion of fossil fuels # @01
which the United States accounted for approximatélgercent4 Changes in land use and forestry practices can
lead to neCO, emissionge.g., through conversion of forest land ¢pieultural or urban use) @o a nefsink for

CO; (e.g., through net additions to forest biomaBeksil fuel combustion is the greatest source of @@issions
There are 2 additional sourcemcluded in the InventorgFigure ES5).

Figure ES -5: 201 5 Sources of CO 2 Emissions (MMT CO 2 Eq.)

Note: Fossil Fuel Combustion includes electricity generation, which also includes emissionsludhe895 MMT CQEQ.
from geothermabased generation.

As the largest source of U.S. greenhouse gas emissioa$ra@fossil fuel combustion has accounted for
approximately77 percent of GWRwveighted emissions since 1990. The fundamental factors influeagirggions
levels includg1) changes in demand for ener@yd @) a general decline in the carbon intensity of fuels combusted
for energy in recent years by most sectorthefeconomyBetween 1990 and 261CQO, emissions from fossil fuel

137KH WHUP 310X[" LV XVHG WR GHVFULEH WKH QHW HPLVVLRQV Rtbahdth¢i QKRXVH JI
removals of CQfrom the atmospher®emoval of CQfrom the atmosph H LV DOVR UHIHUUHG WR DV 3FDUERQ V
14 Global CQ emissions from fossil fuel combustion were taken ftotarnational Energy Agend@0z Emissions from Fossil

Fuels CombustiontHighlightsIEA (2016. See<https://www.iea.org/publications/freeplications/publication/co2missions
from-fuel-combustiorhighlights2016.htm#b.
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combustion increased frof)740.3MMT CO; Eq. t05,049.8MMT CO; Eq., a6.5percent total increase over the
twenty-six-year periodin addition, CQ emissions from fossil fuel combustioncdeased by 697.2 MMT Cq.
from 2005 levels, a decrease of approximately 12.1 percent between 2005 arfer@@1B04 to 2015, these
emissionglecreasedy 152.5MMT CO; Eq. 2.9 percent).

Historically, changes in emissions from fossil fuel combudt@ve been the dominant factor affecting U.S.
emission trend<Changes in C@emissions from fossil fuel combustion are influenced by manyterrg and
shortterm factorsLongterm factors includpopulation and economtcends technological changeshifting

energy fuel choices, and@rious policies at the national, state, and local lémehe short term, the overall
consumptiorand mixof fossil fuels in the United States fluctuates primarily in response to changes in general
economic conditiongyverall energy priceshe relative price of different fuglaeather, and the availability of non
fossil alternatives.

Figure ES -6: 201 5 COz Emissions from Fossil Fuel Combustion by Sector and Fuel Type (MMT
COz Eq.)

Figure ES-7: 201 5 End-Use Sector Emissions of CO 2 from Fossil Fuel Combustion (MMT CO 2
Eq.)

The five major fuel consumingconomicsectors contributing to G@missions from fossil fuel combustion are
electricity generation, traportation, industrial, residential, and commerdarbon dioxideemissions are produced
by the electricity generation sector as they consume fossil fuel to provide electricity to one of the other four sectors,
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RU 3X@E~ ~ V HérWéedisbussion bmwv, electricity generation emissions have been distributed to each end

XVH VHFWRU RQ WKH EDVLYV RI HDFK VHFWRU This Mttt ¢i dRtlibDthgUHJDWH HOF
emissions assumes that each-aed sector consumes electricity thagesierated from the national average mix of

fuels according to their carbon intensiBmissions from electricity generation are also addressed separately after

the enduse sectors have been discussed.

Note that emissions from U.S. Territories are caledaeparately due to a lack of specific consumption data for the
individual enduse sectorgzigure ES6, FigureES-7, andTable ES3 summarize C@emissions from fossil fuel
combustion by endise sector.

Table ES-3: CO2 Emissions from Fossil Fuel Combustion by End -Use Sector (MMT CO 2 Eq.)

End-UseSector 1990 2005 2011 2012 2013 2014 2015
Transportation? 1,496.8 1,891.8 1,711.9 1,700.6 1,717.0 1,746.9 1,740.1
Combustion 1,493.8 1,887.0 1,707.6 1,696.8 1,713.0 1,742.8 1,736.4
Electricity 3.0 4.7 4.3 3.9 4.0 4.1 3.7
Industrial 2 1,529.2 1,564.6 1,399.6 1,375.7 1,407.0 1,399.3 1,355.0
Combustion 842.5 828.0 775.0 782.9 812.2 806.1 805.5
Electricity 686.7 736.6 624.7 592.8 594.7 593.2 549.6
Residential 931.4 1,214.1 1,116.2 1,007.8 1,064.6 1,080.1 1,003.9
Combustion 338.3 357.8 3255 282.5 329.7 345.4 319.6
Electricity 593.0 856.3 790.7 725.3 734.9 7347 684.3
Commercial 755.4 1,026.8 958.4 897.0 925.5 934.7 909.4
Combustion 217.4 223.5 220.4 196.7 221.0 228.7  246.2
Electricity 538.0 803.3 738.0 700.3 704.5 706.0 663.1
U.S. Territories® 27.6 49.7 40.9 43.5 42.5 41.4 41.4
Total 4,740.3 5,746.9 5,227.1 5,024.6 5,156.5 5,202.3 5,049.8
Electricity Generation 1,820.8 2,400.9 2,157.7 2,022.2 2,038.1 2,038.0 1,900.7

aTherewas a method update in this Inventéoy estimating the share of gasoline used isr@ad and nomoad
applications. The change does not impact total U.S. gasoline consumption. It mainly results in a shift in
gasoline consumption from the transportasector to industrial and commercial sectors for 2015, creating
break in the time series. The change is discussed furttiee Planned Improvements sectiorGbfapter3. 1

bFuel consumption by U.S. Territories (i.e., American Samoa, Guam, Puerto Rico, U.S. Virgin Islands, W\
Island, and other U.S. Pacific Islands) is included in this report.

Notes: Combustiomelated emissions from electricity generationallecated based on aggregate national
electricity consumption by each ende sector. Totals may not sum due to independent rounding.

Transportation EndJse SectorWhen electricityrelated emissions are distributed to economiceselsectors,
transportation activities accounted 8.5 percent of U.S. C@emissions from fossil fuel combustion in Zhe
largest sources of transportation £nissions in 208 werepassenger cars4 percent), mediurmand heavy

duty trucks 23.6percent), lightduty trucks, which include sport utility vehicles, pickup trucks, and minivang (17.
percent), commercial aircraft @percent)rail (2.5 percent)pther aircraft (2.3 peent),pipelines 2.2 percent), and
ships and boats @percen}. Annex 3.2 presents the total emissions from all transportation and mobile sources,
including CQ, CH,, N2O, and HFCs.

In terms of the overall trend, from 1990 to 80fiotal transportatio€O, emissionsncreasediue, in large part, to
increased demand for travéhe number of VMT by lightluty motor vehicles (i.e., passenger cars and-tigity
trucks) increased0 percent from 1990 to 265 as a result of a confluence of factors inclgdopulation growth,
economic growth, urban sprawl, and low fuel prices during the beginning of this gdramkt all of the energy
consumed for transportation was supplied by petrolbased products, with more than half being related to

15VMT estimates are based on data from FHWA Highway Statistics Tabld YAWHWA 1996 through 2016k 2011, FHWA
changed its methods for estimating VMT by vehicle clasiiwed to a shift in VMT and emissions amongroad vehicle
classes in the 2007 to 2015 time period. In absence of these method changestyliyiMT growth between 1990 and 2015
would likely have been even higher.
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gasolineconsumption in automobiles and other highway vehi€iser fuel uses, especially diesel fuel for freight
trucks and jet fuel for aircraft, accounted for the remainder.

Industrial EndUse Sectorlndustrial CQ emissions, resulting both directly from tbembustion of fossil fuels and
indirectly from the generation of electricity that is consumed by industry, accoun@&ddercent of C@from

fossil fuel combustion in 2@L Approximately59 percent of these emissions resulted from direct fossil fuel
combustion to produce steam and/or heat for industrial procéRsesemaining emissions resulted from consuming
electricity for motors, electric furnaces, ovens, lighting, and other applicaltiocsntrast to the other entse

sectors, emissions from insluy have declined since 199Khis decline is due to structural changes in the U.S.
economy (i.e., shifts from a manufacturibgsed to a servideased economy), fuel switching, and efficiency
improvements.

Residential and Commercial Efidse SectorsTheresidential and commercial einde sectors accounted 0 and
18 percent, respectively, of G@missions from fossil fuel combustion in Z0Both sectors relied heavily on
electricity for meeting energy demands, wB®and73 percent, respectively, dfieir emissions attributable to
electricity consumption for lighting, heating, cooling, and operating appliafbhegemaining emissions were due
to the consumption of natural gas and petroleum for heating and coBhiiggions from the residential and
commercial endise sectors have increaseddpercent an@0 percent since 1990, respectively.

Electricity GenerationThe United States relies on electricity to meet a significant portion of its energy demands.
Electricity generators consumad percet of total U.S. energy uses from fossil fuels and emB&gercent of the

CO;, from fossil fuel combustion in 2B1The type ofenergy source used to generaectricityis the main factor
influencingemissionsFor example, some electricity is generatadugh norfossil fuel options such as nuclear,
hydroelectric, or geothermal enerdiycluding all electricity generation modesectricitygenerators relied on coal

for approximatel\384 percent of their total energy requirements in20d addition, the coal used by electricity
generators accounted 88 percent of all coal consumed for energy in the United States Bil8®ecently, a
decrease in the carbon intensity of fuels consumed to generate electricity has occurred due tedrdeorsta
consumption, and increased natural gas consumption and other generation bmludésg all electricity

generation modes, electricity generators used natural gas for approxig@tgtelgent of their total energy
requirements in 2(BL Acrossthe time series, changes in electricity demand and the carbon intensity of fuels used
for electricity generation have a significant impact on. €@@issionsWhile emissions from the electric power

sector have increased bpproximatelyd percent since 199the carbon intensity of the electric power sector, in
terms of CQ Eq. per QBtu has significantly decreased by 16 percent during that same timeffaisteend away

from a direct relationship betweetfectricity generation and the resulting emissienshiown below ifrigure ES8.

16 see Table 6.2 Coal Consumption by Sector of EIA 2016.
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Figure ES -8: Electricity Generation  (Billion kwWh) and Electricity Generation Emissions (MMT
COz Eq.)

Other significant C@trends included the following:

X Carbon dioxide emissions from nenergy use of fossil fuelacreasedy 7.9 MMT CO- Eq. 6.8 percent)
from 1990 through 2 Emissions from nomnergy uses of fossil fuels wet25.5MMT CO- Eq. in
2015, which constitute@.3 percent of total national G@missions, approximately the same proportion as
in 1990.

x Carbon dioxideemissions from iron and steel production and metallurgical coke productionléereased
by 52.6MMT CO; Eq. 61.8percent) from 1990 through 2B1due to restructuring of the industry,
technological improvements, and increased scrap steel utilization.

X Carbon dioxide emissions from ammonia producth&MMT CO; Eq. in 205) decreased bg.2 MMT
CO; Eq. (17.2percet) since 1990Ammonia production relies on natural gas as both a feedstock and a
fuel, and as such, market fluctuations and volatility in natural gas prices affect the production of ammonia.

X Total Cstock changéi.e., net CQremovals)n the LULUCF sedair decreased by approximatély?
percent between 1990 and 20This decreasavas primarily due t@ decrease in the rate of net C
accumulation in forest stocksand an increase in emissions fraand Converted t&ettlements

Box ES3: Use of Ambient Measurements Systems for Validation of Emission Inventories

In following the UNFCCQequirement under Article 4tb develop and submitational greenhouse gas emission
inventories, the emissions and sinks presented in this @goorganized by source and sink categories and
calculated using internationaiBccepted methods provided by the IPEGeveral recent studies have measured

17 see http:/vww.ipcenggip.iges.or.jp/public/index.html>.
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emissions at the national or regional level with resultssibiatetimesG LI ITHU TURP (3 $fiamissvsEPAD W H

has engaged with researchers on how remote sensing, ambient measurement, and inverse modeling techniques for
greenhouse gas emissions could assist in improving the understanding of inventory estinvaréig with the

research commity on ambient measurement and remote sensing techniques to improve national greenhouse gas
inventories, EPAollows guidance from the IPCC on the use of measurements and moaelialifate emission

inventories!®$Q DUHD RI SDUWLF X O ddch e¥fomtsisHownmientQnd3:6révedts can be used

LQ D PDQQHU FRQVLVWHQW ZLWK WKLV ,QYHQWRU\ UHSRUWY{V WUDQVSDU
these techniques to attribute emissions and removals from remote sensihgdpog@nic sources, as defined by

the IPCC for this report, versus natural sources and sinks.

In an effort to improve the ability ttompare thaationatlevel greenhouse gasventory with measurement results

that may be at other scalesteam at HarvdrUniversity along with EPA and other coauthors developed a gridded
inventory of U.S. anthropogenic methane emissions with 0.1° x 0.1° spatial resolution, monthly temporal resolution,
and detailed scaldependent error characterization. Theentory is dsigned to be consistent with the90 to 2014
U.S.EPAInventory of U.S. Greenhouse Gas Emissions and 8gtiksates for the ye@012, which presents

national totals for different source typés.

Methane Emissions

Methane (CH) is 25 times as effectivaes CQ at trapping heat in the atmosphere (IPCC 200v¥r the last two
hundred and fifty years, the concentration ofs@tthe atmosphere increased182percent (IPCC 2013 and

CDIAC 2016). Anthropogenic sources of Glihclude natural gas and petrolesgstems, agricultural activities,
LULUCEF, landfills, coal mining, wastewater treatment, stationary and mobile combustion, and certain industrial
processes (sdégure ES9).

Figure ES -9: 201 5 Sources of CH 4 Emissions (MMT CO 2 Eq.)

Note: LULUCF emissions are reported separately from gross emissions totals and are not indhiglee iES9.
Refer toTable ES5 for a breakout of LULUCF emissions by gas

18 gee <http://www.ipcaggip.iges.or.jp/meeting/pdfiles/1003_Uncertainty%20meeting_repost.pdf
1935ee dttps://www.epa.gov/ghgemissions/gratt?012methaneemissions.
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Some gjnificant trends in U.S. emissions of Cidclude the following:

X

Enteric fermentation is the largest anthropogenic source gk@l$sions in the United Statds.2015,
enteric fermentation CHemissions wer&é66.5MMT CO; Eq. 25.4percent of total Cllemissions),
which represents an increase€2cf MMT CO- Eq. (L.5percent) since 1990his increase in emissions
from 1990 to 20% generally follows the increasing trends in cattle populations. From 1990 tp 1995
emissions increased and then generallyetesed from 1996 to 2004, mainly due to fluctuations in beef
cattle populations and increased digestibility of feed for feedlot chttiessions increased from 2005 to
2007, as both dairy and beef populations incidd®esearch indicates that the feegeditibility of dairy
cow diets decreadaluring this periodEmissions decreased again from 2008 tcb2¥l beef cattle
populations again decreased.

Natural gas systems were erondargest anthropogenic source category of €nissions in the United

States in 20% with 162.4MMT CO; Eq. of CH, emitted into the atmosphere. Those emissions have
decreased b$1.6MMT CO; Eq. (16.3percent) since 1990. The decrease in €fissions is largely due

to the decrease in emissions from transmission, storagejsdridution. The decrease in transmission and
storage emissions is largely due to reduced compressor station emissions (including emissions from
compressors and fugitives). The decrease in distribution emissions is largely attributed to increased use of
plastic piping, which has lower emissions than other pipe materials, and station upgrades at metering and
regulating (M&R) stations.

Landfills are the third largest anthropogenic source of &@hissions in the United Statedsl6.7MMT

CO; Eq.), accounting fot7.6percent of total Cklemissions in 208. From 1990 to 208, CH, emissions
from landfills decreased B3.8MMT CO; Eq. 35.6percent), with small increases occurring in some
interim yearsThis downward trend in emissionsincided withincreasedandfill gas collection and

control systems, and a reduction of decomposable materials (i.e., paper and paperboard, foaddcraps,
yard trimmings) discarded in MSW landfills over the time set¥aghich has more than offset the
additional CH, emissionghat would have resultddom an increase in the amount of municipal solid waste
landfilled.

Methane emissions from manure manageirtaetfourth largest anthropogenic source of €iissions in

the United Statesncreased by 8.3percent since 1990, froB7.2MMT CO; Eq. in 1990 t®66.3MMT

CO; Eq. in 205. The majority of this increase was from swine and dairy cow manure, since the general
trend in manure management is one of increasing use of liquid systems, which tends ® greatec

CH4 emissionsThe increase in liquid systems is the combined result of a shift to larger facilities, and to
facilities in the West and Southwest, all of which tend to use liquid sysfdsas.new regulations limiting

the application of manureutrients have shifted manure management practices at smaller dairies from daily
spread to manure managed and stored on site.

Methane emissions fromeproleum systems in the United Statg3.9MMT CO- Eq.) accourgdfor 6.1
percent of total Cklemissions in 208. From 1990 to 208, CH, emissions from petroleum systems
decreasetly 15.6MMT CO; Eq. (or28.1percent) Production segmei@H, emissions have decreased by
around 8 percent from 2014 levels, primarily due to decreases in emissioresfoomted gas venting and
flaring.

Nitrous Oxide Emissions

Nitrous oxide (NO) is produced by biological processes that occur in soil and water and by a variety of
anthropogenic activities in the agricultural, energhated, industrial, and waste managat fields While total NO
emissions are much lower than £€nissions, MO isnearly300 times more powerful than G@t trapping heat in
the atmosphere (IPCC 2008jince 1750, the global atmospheric concentration,@f has risen by approximately
21 percent (IPCC 2013 and CDIAC 26)1 The main anthropogenic activities producingdNn the United States

20 carbon dioxide emissions from landfills are not included specifically in summing waste sector totals. Net carbon fluxes from
changes in biogenic carbon reservaeinsl disposed wood produeee accounted for in the estimateslfULUCF.
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are agricultural soil management, stationary fuel combustion, fuel combustion in motor vehicles, manure
management, and nitric acid production (Begire ES10).

Figure ES -10: 201 5 Sources of N 20 Emissions (MMT CO : Eq.)

Note: LULUCF emissions are reported separately from gross emissions totals and are not indhiglee iES10.
Refer toTable ES5 for a breakout of LULUCF emissions by gas

Some significant trends in U.S. emissions e®ONnclude the following:

X

Agricultural soils accounted for approximaté&ly.1percent of NO emissions an8.8 percent of total
emissions in the United States in 80Estimated emissions from this source in20&re251.3MMT

CO; Eg. Annual NO emissions from agricultural soils fluctuated between 1990 arfs a@though overall
emissions wer.0 percentower in 2015 than in 1990Y earto-year fluctuations are largely a reflection of
annual variation in weather patterns, synthetic fertilizer use, and crop production.

Nitrous oxide emissions from stationary combustion increa$edMMT CO, Eq. ©4.0percent) from
1990 through 2. Nitrous oxide emissions from this source increased primarily as a result of an increase
in the number of coal fluidized bed boilers in the electric power sector.

In 2015, total NNO emissions from mame management were estimated tdB& MMT CO; Eq.;

emissions weré4.0MMT CO; Eq. in 1990.These values include both direct and indiregd ¥missions

from manure managememlitrous oxide emissions have remained fairly steady since 3388ll changes

in N2O emissions from individual animal groups exhibit the same trends as the animal group populations,
with the overall net effect that,® emissions showed26.6percent increase from 1990 to 3nd al.l
percentincreasdrom 204 through 205.

Nitrous oxide emissions from mobile combustion decrebgezb. IMMT CO; Eq. (63.3percent) from
1990 through 208, primarily as a result of XD national emission control standards and emission control
technologies for omoad vehicles.

Nitrous oxide emissonsfrom adipic acid production werle3MMT CO; Eg. in 205, and have decreased
significantly since 1990 due to both the widespread installation of pollution control measures in the late
1990s and plant idling in the late 200Bsissions from adipic agiproduction have decreased#8/0

percent since 1990 and B¢.8percent since a peak in 1995.
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HFC, PFC, SBnd NE Emissions

Hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs) are families of synthetic chemicals that are used as
alternatives to ozame depleting substances (ODS), which are being phased out under the Montreal Protocol and
Clean Air Act Amendments of 199Blydrofluorocarbons and PFCs do not deplete the stratospheric ozone layer,
and are therefore acceptable alternatives undévitimreal Protocol on Substances that Deplete the Ozone Layer

These compounds, however, along withh &% NF, are potent greenhouse gasesaddition to having high global
warming potentials, SFand PFCs have extremely long atmospheric lifetimes, resuttitigeir essentially

irreversible accumulation in the atmosphere once emiieifur hexafluoride is the most potent greenhouse gas the
IPCC has evaluated (IPCC 2013).

Other emissive sources of these gases include HZZH@oduction, electrical transmissiand distribution systems,
semiconductor manufacturing, aluminum production, and magnesium production and processiiggi(ed¢es11).

Figure ES -11: 201 5 Sources of HFCs, PFCs, SF s, and NF 3 Emissions (MMT CO : Eq.)

Some significant trends in U.S. HFC, PFCg,Sid NE emissions include the following:

x Hydrofluorocarbon and perfluorocarbon emissions resulting frorauhstitution of ODSe.g.,
chlorofluorocarbons [CFCs]) have been consistently increasing, from small amounts in 168(bto
MMT COs- Eq. in 205. This increase was in large part the result of efforts to phase out CFCs and other
ODS in the United Statek the short term, this trend is expected to continue, and will likely continue over
the next decade as hydrochlorofluorocarbons (HCFCs), which are interim substitutes in many applications,
are themselves phased out under the provisions @dpenhagen miendments to the Montreal Protacol

X GWP-weighted PFC, HFC, SFand NE emissions from semiconductor manufaittgthave increased by
34.3percent from 1990 to 261 due to industrial growth and the adoption of emission reduction
technologies. WithinthaWLPH VSDQ HPLVVLRQV SHDNHG LQ WKH LQLWLDO
Reduction/Climate Partnership for the Semiconductor Industry, but have since decth&BitdéT CO-
Eq. in 205 (a47.1percent decrease relative to 1999).

X  Sulfur hexafluoride emissions from electric power transmission and distribution systems decré&26d by
percent {9.0MMT CO; Eq.) from 1990 to 2(. There are two potential causes for this decrease: (1) a
sharp increase in the price ofg3furing the 190s and (2) a growing awareness of the environmental
impactof S HPLVVLRQV WKURXJK S U RsRhi3stov Reduetion P attredshipVorE)ectric
Power Systems.

x Perfluorocarbon emissions from aluminum production decreas@@.Bpercent {9.5MMT CO; Eq.)
from 1990 to 204%. This decline is due both to reductions in domestic aluminum production and to actions
taken by aluminum smelting companies to reduce the frequency and duration of anode effects.
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ES.3 Overview of Sector Emissions and Trends

In accordance with the UNFCCC decision to set2®@6 IPCC Guidelines for National Greenhouse Gas
Inventories(IPCC 2006) as the standard for Annex | countries at the Nineteenth Conference of the Parties
(UNFCCC 2014)Figure ES12 andTable ES4 aggregate emissions and sinks by the sectors definémby t
guidelinesOver the twentysix-year period of 1990 to 281total emissions in the Energy, Industrial Processes and
Product Use, and Agriculture grew Bg1.0MMT CO; Eq. @.1percent)35.5MMT CO; Eq. (10.4percent), and
27.0MMT CO; Eq. 6.5percent) respectivelyOver the same period, total emissions in the Waste sector decreased
by 59.9MMT CO; Eq. (30.1percent) and estimates of net C sequestration in the LULUCF sector (magnitude of
emissions plus C&removals from all LULUCF source cataies) decreased 180.7MMT CO. Eq. (7.4 percent).

Figure ES -12: U.S. Greenhouse Gas Emissions and Sinks by Chapter/IPCC Sector (MMT CO 2
Eq.)

Table ES-4: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by Chapter/IPCC
Sector (MMT CO 2 Eq.)

Chapter/IPCC Sector 1990 2005 2011 2012 2013 2014 2015
Energy 5,328.1 6,275.2 5,721.z 5,507.C 5,659.1 5,704.¢ 5,549.1
Fossil Fuel Combustion 4,740.2 5,746.€ 5,227.1 5,024.€ 5,156.5 5,202.2 5,049.¢
Natural Gas Systems 231.8 189.8 190.2 191.4 197.7 204.9 204.8
Non-Energy Use of Fuels 117.6 138.9 109.8 106.7 123.6 119.0 125.5
Coal Mining 96.5 64.1 71.2 66.5 64.6 64.8 60.9
PetroleunSystems 59.0 49.9 52.2 50.3 48.2 46.6 43.4
Stationary Combustion 20.4 27.6 28.4 28.0 30.9 315 30.1
Mobile Combustiof 46.9 38.6 25.1 22.6 20.6 18.6 17.1
Incineration of Waste 8.4 12.9 10.9 10.7 10.7 10.9 11.0
Abandoned Underground Coal Min 7.2 6.6 6.4 6.2 6.2 6.3 6.4
Industrial Processes and Product Use 340.4 353.4 371.0 360.9 363.7 379.8 375.9
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Substitution of Ozone Depleting

Substances 0.3 99.8 145.4 150.2 154.7 161.3 168.5
Iron and Steel Production &

Metallurgical Coke Production 101.5 68.1 61.1 55.5 53.4 58.6 48.9
Cement Production 33.5 46.2 32.2 35.3 36.4 39.4 39.9
Petrochemical Production 21.5 27.0 26.4 26.6 26.5 26.6 28.2
Lime Production 11.7 14.6 14.0 13.8 14.0 14.2 13.3
Nitric Acid Production 12.1 11.3 10.9 10.5 10.7 10.9 11.6
Other Process Uses of Carbonates 4.9 6.3 9.3 8.0 10.4 11.8 11.2
Ammonia Production 13.0 9.2 9.3 9.4 10.0 9.6 10.8
Semiconductor Manufacture 3.6 4.7 4.9 4.5 4.1 5.0 5.0
Aluminum Production 28.3 7.6 6.8 6.4 6.2 5.4 4.8
Carbon Dioxide Consumption 15 1.4 4.1 4.0 4.2 4.5 4.3
HCFGC-22 Production 46.1 20.0 8.8 55 4.1 5.0 4.3
Adipic Acid Production 15.2 7.1 10.2 5.5 3.9 5.4 4.3
N O from Product Uses 4.2 4.2 4.2 4.2 4.2 4.2 4.2
Electrical Transmission and

Distribution 23.1 8.3 6.0 4.8 4.6 4.8 4.2
Soda Ash Production and

Consumption 2.8 3.0 2.7 2.8 2.8 2.8 2.8
Ferroalloy Production 2.2 1.4 1.7 1.9 1.8 1.9 2.0
Titanium Dioxide Production 1.2 1.8 1.7 1.5 1.7 1.7 1.6
Glass Production 1.5 1.9 1.3 1.2 1.3 1.3 1.3
Urea Consumption for Nen

Agricultural Purposes 3.8 3.7 4.0 4.4 4.0 1.4 1.1
Magnesium Production and

Processing 5.2 2.7 2.8 1.7 15 1.1 1.0
Phosphoric Acid Production 15 1.3 1.2 1.1 1.1 1.0 1.0
Zinc Production 0.6 1.0 1.3 1.5 1.4 1.0 0.9
LeadProduction 0.5 0.6 0.5 0.5 0.5 0.5 0.5
Silicon Carbide Production and

Consumption 0.4 0.2 0.2 0.2 0.2 0.2 0.2

Agriculture 495.3 526.4 541.9 525.9 516.9 514.7 522.3
Agricultural Soil Management 256.6 259.8 270.1 254.1 250.5 250.0 251.3
Enteric Fermentation 164.2 168.9 168.9 166.7 165.5 164.2 166.5
Manure Management 51.1 72.9 80.4 83.2 80.8 80.4 84.0
Rice Cultivation 16.0 16.7 14.1 11.3 11.3 11.4 11.2
Urea Fertilization 2.4 35 4.1 4.3 4.5 4.8 5.0
Liming 4.7 4.3 3.9 6.0 3.9 3.6 3.8
Field Burning of Agricultural

Residues 0.3 0.3 0.4 0.4 0.4 0.4 0.4

Waste 199.3 158.2 142.6 144.4 140.4 140.2 139.4
Landfills 179.6 134.3 119.0 120.8 116.7 116.6 115.7
Wastewater Treatment 19.1 20.4 20.1 19.9 19.8 19.7 19.7
Composting 0.7 3.5 3.5 3.7 3.9 4.0 4.0

Total Emissiong 6,363.1 7,313.2 6,776.7 6,538.z 6,680.1 6,739.7 6,586.7

Land Use, LandUse Change, and

Forestry (819.6) (731.0) (749.2) (753.8) (763.0) (761.4) (758.9)
Forest Land (784.3) (729.8) (733.8) (723.6) (733.5) (731.8) (728.7)
Cropland 2.4 0.7) 4.0 1.3 31 4.0 4.7
Grassland 13.8 25.3 9.9 0.8 0.4 0.9 0.4
Wetlands (3.9 (5.2) 3.9 (4.0) (4.0) (4.0) (4.1)
Settlements (47.6) (20.5) (25.4) (28.3) (28.9) (30.4) (31.3)
Net Emissions (Sources and Sinks) 5,543.F 6,582.5 6,027.€ 5,784 5917.1 5,978.Z 5,827.7

Notes: Total emissions presented without LULUBEt emissions presented with LULUCF.
aThere was a method update in this Invenforyestimating the share of gasoline used irraad and nomoad applications
The change does not impact total U.S. gasoline consumption. It mainly results in a shift in gasoline consumption f
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transportation sector to industrial and commercieiass for 2015, creating a break in the time series. The change is
discussed further ithe Planned Improvements sectiorGifapter3.1

b Total emissions without LULUCF.

¢ Total emissions with LULUCF.

Notes:Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration.

Energy

The Energy chapter contains emissions of all greenhouse gases résuttiistationary and mobile energy

activities including fuel combustion and fugitive fuel emissj@rsl the use of fossil fuels for renergy purposes
Energyrelated activities, primarily fossil fuel combustion, accounted for the vast majority of O,®missions for

the period of 1990 through 2B1In 2015, approximatel\82 percent of the energy consumed in the United States (on
a Btu basis) was produced through the combustion of fossil fdestemainingl8 percent came from other energy
sources such as hydropower, biomass, nuclear, wind, and solar enefggse&S13). Energyrelated activities
arealso responsible for C+and NO emissions42 percent and.2 percent of total U.S. emissions of each gas,
respectively)Overall, emission sources in the Energy chapter account for a con@dirggkbrcent of total U.S.
greenhouse gas emissions in 201

Figure ES -13: 201 5 U.S. Energy Consumption by Energy Source (Percent)

Industrial Processes and Product Use

The Industrial Processes and Product Use (IPPU) chapter includes greenhouse gas emissions occurring from
industrial processes and from the use of greenhouse gases in products.

Greenhouse gas emissions are produced as thembycts of many neenergyrelated industrial activitieszor

example, industrial processes can chemically transform raw materials, which often release waste gasessuch as CO
CHa, and NO. These processes include iron and steel production and metallurgical coke production, cement
production, ammonia production, urea consumption, lime production, other process uses of carbonates (e.g., flux
stone, flue gas desulfurization, and glass manufacturing), soda ash production and consumption, titanium dioxide
production, phosphoric acid prodian, ferroalloy production, C&xonsumption, silicon carbide production and
consumption, aluminum production, petrochemical production, nitric acid production, adipic acid production, lead
production, zinc production, and® from product usesndustrialprocesses also release HFCs, PFCs,a88H Nk

and other fluorinated compounds addition to the usef HFCs and some PF@s ODS substitutes, HFCs, PFCs,

Sk, NF;, and other fluorinated compounds are employed and emitted by a number of other irsdwstrés in the
United StatesThese industries include aluminum production, HERXJproduction, semiconductor manufacture,
electric power transmission and distribution, and magnesium metal production and pro@assiall. emission
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sources in the Indtrsal Process and Product Use chapter accour. fgzercent of U.S. greenhouse gas emissions
in 2015.

Agriculture

The Agriculture chapter contains anthropogenic emissions from agricultural activities (except fuel combustion,
which is addressed in the Egg chapter, andomeagricultural CQ fluxes, which are addressed in the Land Use,
LandUse Change, and Forestry chapt@gricultural activities contribute directly to emissions of greenhouse gases
through a variety of processes, including the follonsogrce categories: enteric fermentation in domestic livestock,
livestock manure management, rice cultivation, agricultural soil management, liming, urea fertilization, and field
burning of agricultural residues. In 2015, agricultural activities were nsfe for emissions of 522.3 MMT CO2

Eq., or 7.9 percent of total U.S. greenhouse gas emissions. Methane, nitrous oxide and carbon dioxide were the
primary greenhouse gases emitted by agricultural activities. Methane emissions from enteric fermedtation an
manure management represented approximately 25.4 percent and 10.1 percent of total CH4 emissions from
anthropogenic activities, respectively, in 2015. Agricultural soil management activities, such as application of
synthetic and organic fertilizers, deition of livestock manure, and growingfNing plants, were the largest

source of U.S. N20 emissions in 2015, accounting for @érdent. Carbon dioxide emissions from the application
of crushed limestone and dolomite (i.e., soil liming) and ureaifatitbn represented 0.2 percent of total CO2
emissions from anthropogenic activiti€sgure2-11 andTable2-7 illustrate agricultural greenhouse gas emissions
by source.

Land Use, Lantlse Changeand Forestry

The Land Use, Lantlse Change, and Forestry chapter contains emissions.dr€HNO, and emissions and
removals of C@from managed lands in the United Stat@sgerall, managed land is a net sink @@, (C
sequestration) in the United Stat€he primary drivers of fluxes on managed lands include, for example, forest
management practices, tree planting in urban areas, the management of agricultural soils, landfilling of yard
trimmings and food scraps, and activities that cause changegaoks 81 coastal wetlands. The main drivers for
forest C sequestration include forest growth and increasing forest area, as avakt accumulation of C stocks in
harvested wood pool$he net sequestration 8ettlements Remaining Settlementsch ocurs predominatly

from urban forestaind landfilled yard trimmings and food scraigsa result of net tree growtind increased urban
forest size, as well as lofigrm accumulation of yard trimmings and food scraps carbon in landfills.

TheLULUCF sectorin 2015 resulted in anet increase in C stocks (i.e., net@@movals)f 778.7MMT CO; Eg.
(Table ES5).21 This represents an offset bf.8percenbf total (i.e., gross) greenhouse gas emissions i6.201
Emissionsof CHs and NO from LULUCF activities in 205 are19.7MMT CO; Eq. andrepresen0.3 percent of
total greenhouse gas emissidAgetween 1990 and 281total C sequestration in the LULUCF sectigcreasetly
6.2 percent, primarily due ta decreasm the rate of net C accumulation in fosesihd an increase in G@missions
from Land Converted t&ettlements

Carbon dioxide removafsom C stock changeare pesented imable ES5 along with CH and NO emissions for
LULUCEF source categorieBorest firesvere the largest source of gemissions from LULUE in 2015, totaling
7.3MMT CO- Eq. 292kt of CHa). Coastal Wetlands Remaining Coastal Wetlamssilted in CHemissions of 3.6
MMT COs- Eq. (143 kt of CH)). Grassland fires resulted in GEmissions of 0.4 MMT C@Eq. (16 kt of CH).
Peatlands RemainingeatlandsLand Converted to WetlandsdDrained Organic Soilsesulted in CHemissions
of less than 0.05 MMT Cg£Eqeach

21| ULUCF Carbon Stock Change the net C stock change from the following categoResest Land Remaining Forest Land,
Land Converted to Forest Land, Cropland Remaining Cropland, Land Converted to Cropland, Grassland Remaining
Grassland, LandConverted to Grassland, Wetlands Remaining Wetlands, Land Converted to Wetlands, Settlements Remaining
SettlementsandLand Converted to Settlements

22 | ULUCF emissions include the Glnd NO emissions reported féfeatlands Remaining Peatlandrest Fires, Drained
Organic Soils, Grassland Fires, @dastal Wetlands Remaining Coastal Wetlazids emissions fronLand Converted to
Coastal Wetlandsand NO emissions from Forest Soils and Settlement Soils.
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Forest fires were also the largest source 45 Bmissions from LULUCF in 2015, totaling ABVT CO; Eq. (16 kt
of N2O). Nitrousoxide emissions from fertilizer application to settlement soils in520faled to2.5 MMT CO; Eq.

(8 kt of N2O). This represents an increase/6f6percent since 199@dditionally, the application of synthetic
fertilizers to forest soils in 2@lresulted in NO emissions 00.5MMT CO; Eq. @ kt of N2O). Nitrous oxide
emissions from fertilizer application to forest soils have increasd®bgercent since 1990, but still account for a
relatively small portion of overall emissiorSrassland fire resulted in MO emissions of 0.4 MMT C£Eq. (1 kt

of N2O). Coastal Wetlands Remaining Coastal WetlaaadDrained Organic Soilsesulted in NO emissions of
0.1 MMT CQ Eq. each (less than 0.5 kt of@®), andPeatlands Remaining Peatlandssulted inN>O emissions of
less thar0.05MMT CO: Eq.

Table ES-5: U.S. Greenhouse Gas Emissions and Removals (Net Flux) from Land Use, Land -
Use Change, and Forestry (MMT CO 2 Eq.)

Gas/Land-Use Category 1990 2005 2011 2012 2013 2014 2015
Carbon Stock Changé (830.2) (754.0) (769.1) (779.8) (782.2) (781.1) (778.7)
Forest Land Remaining Forest Land (697.7) (664.6) (670.0) (666.9) (670.8) (669.3) (666.2)
Land Converted to Forest Land (92.0) (81.4) (75.8) (75.2) (75.2) (75.2) (75.2)
Cropland Remaining Cropland (40.9) (26.5) (19.1) (21.4) (19.6) (18.7) (18.0)
Land Converted to Cropland 43.3 25.9 23.2 22.7 22.7 22.7 22.7
Grassland Remaining Grassland (4.2) 5.5 (12.5) (20.8) (20.5) (20.4) (20.9)
LandConverted to Grassland 17.9 19.2 20.7 20.4 20.5 20.5 20.5
Wetlands Remaining Wetlands (7.6) (8.9) (7.6) (7.7) (7.8) (7.8) (7.8)
Land Converted to Wetlands + + + + + + +
Settlements Remaining Settlements (86.2) (91.4) (98.7)  (99.2) (99.8) (101.2) (102.1)
Land Converted to Settlements 37.2 68.4 70.7 68.3 68.3 68.3 68.3
CHg4 6.7 13.3 11.2 14.9 11.0 11.3 11.3
Forest Land Remaining Forest Land:
Forest Fires 3.2 9.4 6.8 10.8 7.2 7.3 7.3
Wetlands RemainingVetlands: Coastal
Wetlands Remaining Coastal Wetland: 34 3.5 3.5 3.5 3.6 3.6 3.6
Grassland Remaining Grassland:
Grass Fires 0.1 0.3 0.8 0.6 0.2 0.4 0.4
Forest Land Remaining Forest Land:
Drained Organic Soils + + + + + + +
Land Converted to Wetlands: Land
Converted to Coastal Wetlands + + + + + + +
Wetlands Remaining Wetlands: Peatlan
Remaining Peatlands + + + + + + +
N20 3.9 9.7 8.7 11.1 8.2 8.4 8.4
Forest Land Remaining Forest Land:
ForestFires 2.1 6.2 4.5 7.1 4.7 4.8 4.8
Settlements Remaining Settlements:
Settlement Soifs 1.4 2.5 2.6 2.7 2.6 25 25
Forest Land Remaining Forest Land:
Forest Soils 0.1 0.5 0.5 0.5 0.5 0.5 0.5
Grassland Remaining Grassland:
Grass Fires 0.1 0.3 0.9 0.6 0.2 0.4 0.4
Wetlands Remaining Wetlands: Coastal
Wetlands Remaining Coastal Wetland: 0.1 0.2 0.1 0.1 0.1 0.1 0.1
Forest Land Remaining Forest Land:
Drained Organic Soils 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Wetlands Remaining Wetlands: Peatlan
Remaining Peatlands + + + + + + +
LULUCF Emissions? 10.6 23.0 19.9 26.1 19.2 19.7 19.7
LULUCF Carbon Stock Changé (830.2) (754.0) (769.1) (779.8) (782.2) (781.1) (778.7)
LULUCEF Sector Net Total® (819.6) (731.0) (749.2) (753.8) (763.0) (761.4) (758.9)

+ Absolute value does not exceed 0.05 MMT-EQ.

aLULUCF Carbon Stock Change the net C stock change from the following categoResest Land Remaining Forest
Land, Land Converted to Forest Land, Cropland Remaining Cropland, Land Converted to Cropland, Grassland Rer
Grassland, Land Converted to Grasslaldetlands Remaining Wetlands, Land Converted to Wetl&ed$ements
Remadning SettlementandLand Converted to Settlements
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b Estimates include emissions from N fertilizer additions on Betitiements Remaining SettlememtsLand Converted to
Settlements.

¢ Estimates include emissions from N fertilizer additions on Botiest Land Remaining Forest LanddLand Converted to
Forest Land

4 LULUCF emissions include the Gland NO emissions reported fteatlands Remaining Peatland®rest Fires, Drainec
Organic Soils, Grassland Fires, abdastal Wetlands Remaini@pastal WetlandsCHs emissions fronLand Converted to
Coastal Wetlandsand NO emissions from Forest Soils and Settlement Soils.

€The LULUCF Sector Net Total is the net sum of all4@iHd NO emissions to the atmosphere plus net carbon stock
changes.

Notes: Totals may not sum due to independent roundiagentheses indicate net sequestration.

Waste

The Waste chapter contains emissions from waste management activities (except incineration of waste, which is
addressed in the Energy chaptegndfills were the largest source of anthropogenic greenhouse gas emissions in the
Waste chapter, accounting®®.0 SHUFHQW R WKLV FKDQBepadderf of tetdd UBMUR QV DQG
emissiong3 Additionally, wastewater treatment accounts¥dr2percent of Véste emissiong.3 percent of U.S.

CH, emissions, and.5percent of U.S. BD emissionsEmissions of Chland NO from composting are also

accounted for in this chapter, generating emissio2sldfiIMT CO; Eq. andl.9MMT CO; Eq., respectively.

Overall, emission sources accounted for in the Waste chapter gerielgieccent of total U.S. greenhouse gas
emissions in 208

ES.4 Other Information

Emissions by Economic Sector

Throughout thénventory of U.S. Greenhouse Gas Emissions and S@at, emission estimates are grouped into
five sectors (i.e., chapters) defined by the IPCC: Energy; Industrial Processes and Product Use; Agriculture;
LULUCF; and WasteWhile it is important to use this characterization for consistency with UNFCCC reporting
guidelinesand to promote comparability across countries also useful teharacterizemissionsaccording to
commonly use@conomicsector categoriesesidential, commercial, industry, transportation, electricity generation,
agriculture, and U.S. éfritories.

Table ES6 summarizes emissions from each of these economic sectofsiganel ES14 shows the trend in
emissions by sector from 1990 to 201

23 L andfills also store carbon, dueitwomplete degradation of organic materials such as harvest wood products, yard
trimmings, and food scraps, as described in the {ldse] LandUse Change, and Forestry chapter of the Inventory report.
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Figure ES -14: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMT CO 2 Eq.)

Table ES-6: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMT CO 2 EQq.)
Economic Sectors 199C 200& 2011 2012 2013 2014 201¢&
Electric Power Industry 1,862.5 2,441.€ 2,197.: 2,059.¢ 2,078.2 2,079.7 1,941.
Transportatiof 1,551.2 2,001.C 1,800.C 1,780.7 1,790.z 1,815.¢ 1,806.¢
Industn? 1,626.5 1,467.] 1,378.¢ 1,365.¢ 1,413.« 1,418.C 1,411.€
Agriculture 526.7 574.: 592.C 577.€ 567.5 566.1 570.Z
Commerciat 418.1 400.7 406.5 387.2 410.1 419.5 4374
Residential 344.¢ 370.4 356.2  318.4 372.€ 393.¢ 3727
U.S. Territories 33.3 58.1 46.C 48.5 48.1 46.6 46.6
Total Emissions 6,363.] 7,313.: 6,776.7 6,538.. 6,680.1 6,739.7 6,586.]
LULUCF Sector Net Total® (819.6 (731.0 (749.2) (753.8 (763.0 (761.4 (758.9
Net Emissions (Sources and Sinks) 5,543. 6,582.2 6,027.€ 5,784.t 5917.1 5,978.: 5,827.%

Notes: Total emissions presented without LULUCF. Totalemgissions presented with LULUCF.

aThere was a method update in this Invenfornyestimating the share of gasoline used irraad and nomoad
applications. The change does not impact total U.S. gasoline consumption. It mainly results in a shifban gasol
consumption from the transportation sector to industrial and commercial sectors for 2015, creating a break in tr
series. The change is discussed furthéhénPlanned Improvements sectiorChfapter3.1

b The LULUCF Sector Net Total is the net sum of alls@idd NO emissions to the atmosphere plus net carbon stoc
changes.

Notes:Totals may not sum due to independent roundiagentheses indicategative values or sequestration.

Using this categorization, emissions from electricity generation accounted for the largest pépiercént) of

total U.S. greenhouse gas emissions inR2dtansportation activities, in aggregate, accounted fosdhend largest
portion 7 percent), while emissions from industry accounted for the third largest p&ligercent) ototal U.S.
greenhouse gas emissions in 2@missions from industry have in general declined over the past delcedoa
number 6 factors, includingstructural changes in the U.S. economy (i.e., shifts from a manufachasagl to a
servicebased economy), fuel switching, and energy efficiency improvenems.emainind@2 percent of U.S.
greenhouse gas emissions were contribbyedn order of magnitude, the agriculture, commercial, and residential
sectors, plus emissions from U.S. Territorigstivities related to agriculture accounted $opercent of U.S.
emissions; unlike other economic sectors, agricultural sector ensisgeye dominated by X emissions from
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agricultural soil management and £éimissions from enteric fermentatidrhe commercial and residential sectors
accounted fo77 percent an® percent of emissions, respectively, and U.S. Territories accountggdocent of

emissions; emissions from these sectors primarily consisted pé@iSsions from fossil fuel combustion. @@as

also emitted and sequestered by a variety of activities related to forest management practices, tree planting in urban
areas, the mmagement of agricultural soils, landfilling of yard trimmingad changes in C stocks in coastal

wetlands

Electricity is ultimately consumed in the economic sectors described atale.ES7 presents greenhouse gas
emissions from economic sectors with emissions related to electricity generation distributed-irde eatbgories

(i.e., emissions from electricity generation diecated to the economic sectors in which the electricity is
consumed)To distribute electricity emissions among ars® sectors, emissions from the source categories assigned
to electricity generation were allocated to the residential, commercial, ipdinahsportation, and agriculture

economic sectors according to retail sales of electdéifjhese source categories include,®Om fossil fuel
combustion and the use of limestone and dolomite for flue gas desulfurizatipan@®&O from incineratio of

waste, CHand NO from stationary sources, ands3fom electrical transmission and distribution systems.

When emissions from electricity are distributed among these sectors, industrial activities and transportation account
for the largest shares bfS. greenhouse gas emissio?8 fercent an@7 percent, respectively) in 281The

residential and commercial sectors contributed the next largest shares of total U.S. greenhouse gas emissions in
2015. Emissions from these sectors increase substanithiyn emissions from electricity are included, due to their
relatively large share of electricity consumption (e.g., lighting, appliancesl). sectors except agriculture, €0

accounts for more than 80 percent of greenhouse gas emissions, primarilyefremmbustion of fossil fuels.

Figure ES15 shows the trend in these emissions by sector from 1990 o 201

Table ES-7: U.S. Greenhouse Gas Emissions by Economic Sector with Electricity -Related
Emissions Distributed (MMT CO 2 Eq.)

Implied Sectors 199C 200& 2011 2012 20132 2014 2015
Industry? 2,293.¢ 2,178.1 1,973.¢  1,926.7 1,977.¢ 1,978.7 1,931.1
Transportatiof 1,554.¢ 2,005.¢ 1,804.. 1,784.7 1,794.c 1,820.( 1,810.¢
Commerciat 968.4 1,217.¢ 1,158.1  1,100.¢ 1,128.% 1,139.¢ 1,114.¢
Residential 951.k 1,241.: 1,161t 1,057. 1,122.( 1,143.% 1,071.¢
Agriculture 561.5 612.4 633.1 620.€ 609.¢ 610.¢ 612.C
U.S. Territories 33.3 58.1 46.C 48.5 48.1 46.€ 46.€
Total Emissions 6,363.1 7,313.% 6,776.7 6,538.% 6,680.] 6,739.7 6,586.7
LULUCF Sector Net Total® (819.9 (731.0 (749.2 (753.8 (763.0; (761.4 (758.9;
Net Emissions(Sources and Sinks'  5,543.t 6,582.5 6,027.¢ 5,784.F 5,917.1 5,978.c 5,827.1

aThere was a method update in this Invenforyestimating the share of gasoline used ifraad and nomoad applications. Th
change does not impact total U.S. gasoline consumption. It mainly results in a shift in gasoline consumption from the
transportation sector to industrial and commerciedass for 2015, creating a break in the time series. The change is disct
further inthe Planned Improvements sectiorCofapter3.1

b The LULUCF Sector Net Tl is the net sum of all C+and NO emissions to the atmosphere plus net carbon stock chan

Notes: Emissions from electricity generation are allocated based on aggregate electricity consumption irusacteetwat.
Totals may not sum due to indeplemt rounding. Parentheses indicate negative values or sequestration.

24 Emissions were not distributed to U.S. Territoriéscs the electricity generation sector only includes emissions related to the
generation of electricity in the 50 states and the District of Columbia.

Executive Summary  ES-25



Figure ES -15: U.S. Greenhouse Gas Emissions with Electricity -Related Emissions Distributed
to Economic Sectors (MMT CO 2 Eq.)

Box ESE: Recent Trends in Various U.S. Greenhouse Gas EmisRielated Data

Total emissions can be compared to other economic and social indices to highlight changes oMaesame.
comparisons includ€l1) emissions per unit of ageggate energy consumption, because ensglgyed activities are
the largest sources of emissions; (2) emissions per unit of fossil fuel consumption, because almost-edli@eergy
emissions involve the combustion of fossil fuels; (3) emissions peofusliéctricity consumption, because the
electric power industr¥ utilities and norutilities combined was the largest source of U.S. greenhouse gas
emissions in 208; (4) emissions per unit of total gross domestic product as a measure of national ecotiaityic a
and (5) emissions per capita.

Table ES8 provides data on various statistics related to U.S. greenhouse gas emissions normalized ta 1990 as
baseline yeaiThese values represent the relative change in each statistic sinc&i&€9thouse gas emissions in

the United States have grown at an average annual ra@pdr@ent since 199@&ince 1990, this rate is slightly
slower than that forotal energy and for fossil fuel consumption, and much slower than that for electricity
consumption, overall gross domestic prod@DP)and national population (s€égure ES16). These trends vary
relative to 2005, when greenhouse gas emissions, total energy and fossil fuel consumption began to peak.
Greenhouse gas emissions in the United Statesdeaveased at aaverage annual rate of0lpercent sinc@005

Total energy and fossil fuel consumption have also decreased at slower rates than emissions since 2005, while
electricity consumption, GDP, and national population continued to increase.

Table ES-8: Recent Trends in Various U.S. Data (Index 1990 = 100)

Avg. Annual Avg. Annual

Change Change
Variable 199C 200¢& 2011 2012 2013 2014 2015  since 199(  since 200!
Greenhouse Gas Emissiér 100 115 107 103 105 106 104 0.2% -1.0%
Energy Consumptidn 100 118 115 112 115 117 115 0.6% -0.2%
Fossil Fuel Consumptién 100 119 110 107 110 111 110 0.4% -0.7%
Electricity Consumptioh 100 134 137 135 136 138 137 1.3% 0.3%
GDF 100 159 168 171 174 178 183 2.5% 1.4%
Populatiod 100 118 125 126 126 127 128 1.0% 0.8%

aGWP-weighted values
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bEnergy contentveighted values (EIA 2016)
¢Gross Domestic Product in chained 2009 dollars (BRBAY)
dU.S. Census Bureau (26)1

Figure ES -16: U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross Domestic
Product (GDP)

SourceBEA (2017), U.S. Census Bureau (2)1and emission estimates in this report.

Key Categories

The2006 IPCC GuidelinedPCC 2006)GHILQHY D NH\ FDWHJRU\ DV D 3>FDWHJRU\@ WKDW
QDWLRQEDO LQYHQWRU\ VA\VWHP EHFDXVH LWV HVWLPDWH KDV D VLJQLILFI
greenhouse gases in terms of the absolitd Y HO WKH WUHQG RU WKH XQFHRWBWDLQW\ LQ HP
definition, key categories are sources or sinks that have the greatest contribution to the absolute overall level of

national emissions in any of the years covered by the time dergddition, when an entire time series of emission

estimates is prepared, a thorough investigation of key categories must also account for the influence of trends of
individual source and sink categori€mally, a qualitative evaluation of key categoribewdd be performed, in

order to capture any key categories that were not identified in either of the quantitative analyses.

Figure ES17 presents 2@.emission estimates for the key categories as defined by a level analysis (i.e., the
absolute value of theontribution of each source or sink category to the total inventory |&yed)UNFCCC
reporting guidelines request that key category analyses bdedmt an appropriate level of disaggregation, which
may lead to source and sink category names which differ from those used elsewhere in the Inventdfgreport.
more information regarding key categories, Seetionl.5 +Key Categories and Annex 1.

256HH &KDSWHU SOHWKRGRORJLFDO &KRLFH DQG ,GHQWLIL#mDMWAIRQ RI .H\ &DWHJR
nggip.iges.or.jp/public/2006gl/voll.html>
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Figure ES -17: 201 5 Key Categories (MMT CO 2 Eq.)

Note: For a complete discussion of the key category analysis, see Annex 1. Blue bars indicate either an Approach Thor Approa
1 andApproach 2 level assessment key category. Gray bars indicate solely an Approach 2 level assessment key category.

Quality Assurance and Quality Control (QA/QC)

The United States seeks to continually improve the quality, transparency, and credibilitingéttiery of U.S.
Greenhouse Gas Emissions and Sifiksassist in these efforts, the United States implemented a syistemat
approach to QA/QCThe procedures followed for the Inventory have been formalized in accordance with the
Quality Assurance/Quality Control and Uncertainty Management Ri'QC Management Plan) for the
Inventory, and the UNFCCC reporting guidelineshe QA process includexpert and public reviews for both the
Inventory estimates and theventory report

Uncertainty Analysis of Emission Estimates

Uncertainty estimates are an essential element of a complete inventory of greenhouse gas emissinagasd r

because they help twioritize future work and improve overall quality. Some of the current estimates, such as those
for CO, emissions from energielated activities, are considered to have low uncertairittas is becauste

amount of CQemitted from energyelated activities is directly related to the amount of fuel consumed, the fraction

of the fuel that is oxidized, anHe carbon content of the fuend, br the United States, the uncertaintisssociated

with estimating those factors believed to be relatively smalor some other categories of emissions, however, a

lack of data or an incomplete understanding of how emissions are generated increases the uncertainty or systematic
error associated with the estimates presefedogiiwing the benefit of conducting an uncertainty analysis, the
UNFCCC reporting guidelines follow the recommendations oR@@6 IPCC GuidelinedPCC 2006) Volume 1,

Chapter 3and require that countries provide single estimates of uncertainty for sodrsak categories.
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In addition to quantitative uncertainty assessments provided in accordance with UNFCCC reporting guidelines
gualitative discussion of uncertainty is presented for all source and sink catedfittés the discussion of each
emissionsource, specific factors affecting the uncertainty surrounding the estimates are discussed.

Box ES: Recalculations of Inventory Estimates

Each year, emission and sink estimates are recalculated and revised for all yedrs/entbry of U.S. Greenhouse

Gas Emissions and Sinkss attempts are made to improve both the analyses themselves, through the use of better
methods or data, and the overall usefulness of the répahis effort, the United States follows tB806 IRCC

Guidelines ,3& & ZKLFK VWDWHY 3%RWK PHWKRGRORJLFDO FKDQJHV DQG
part of improving inventory quality. It is good practice to change or refine methods when: available data have

changed; the previously used imad is not consistent with the IPCC guidelines for that category; a category has

become key; the previously used method is insufficient to reflect mitigation activities in a transparent manner; the

capacity for inventory preparation has increased; newntovg methods become available; and for correction of

HUURUV =~ ,Q JHQHUDO UHFDOFXODWLRQVY DUH PDGH WR WKH 8 6 JUHHQK
methodologies or, most commonly, to update recent historical data.

In each Inventoryeport, the results of all methodology changes and historical data updates are presented in the
Recalculations and Improvements chapter; detailed descriptions of each recalculation are contained within each
source's description contained in the repodpilicable. In general, when methodological changes have been
implemented, the entire time series (in the case of the most recent Inventory report, 1990 thiduigis2Aiden
recalculated to reflect the change, per2fé6 IPCC GuidelinedPCC 2006)Changes in historical data are

generally the result of changes in statistical data supplied by other agRate¥ences for the data are provided for
additional information.
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1. Introduction

This report presents estimates by the United States government of U.S. anthropogenic greenhouse gas emissions and
sinks for the years 1990 through B0A summary of these estimates oyided inTable2-1 andTable2-2 by gas

and source category in the Trends in Greenhouse Gas Emissions dhitaptamission estimates in these tables are
presented on both a full molecular mass basis and on a Global Wé#atergial (GWP) weighted basis order to

show the relative contribution of each gas to global average radiative forbisgeport also discusses the methods

and data used to calculate these emission estimates.

In 1992, the United States signed artifieal the United Nations Framework Convention on Climate Change

(UNFCCC).$V VWDWHG LQ $UWLFOH RI WKH 81)&&& 37KH XOWLPDWH REMHFV
instruments that the Conference of the Parties may adopt is to achieveraaace with the relevant provisions of

the Convention, stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent

dangerous anthropogenic interference with the climate syStech. a level should be achieved withinragiframe

sufficient to allow ecosystems to adapt naturally to climate change, to ensure that food production is not threatened

DQG WR HQDEOH HFRQRPLF GHYHORSPHB®W WR SURFHHG LQ D VXVWDLQDE

SDUWLHVY WR WKH &RQYHQWLRQSHEV LRGN EFIDIO@A XS&DWE GIXHOR'K DQG PD
inventories of anthropogenic emissions by sources and removals by sinks of all greenhouse gases not controlled by
WKH ORQWUHDO 3URWRFRO XV L ®&ThéBkes StatEsEiewhisRrépuvtiaRaB BopdrRtdHitd V «

to fulfill these commitments under the UNFCCC.

In 1988, preceding the creation of the UNFCCC, the World Meteorological Organization (WMO) and the United
Nations Environment Programme (UNEP) jointly established the Intergovetahianel on Climate Change
(IPCC).The role of the IPCC is to assess on a comprehensive, objective, open and transparent basis the scientific,
technical and socieconomic information relevant to understanding the scientific basis of risk of Hntharel

climate change, its potential impacts and options for adaptation and mitigation (IR@QC#@Eer Working Group

1 of the IPCC, nearly 140 scientists and national experts from more than thirty countries collaborated in the creation
of theRevised 1996 IBC Guidelines for National Greenhouse Gas Inventdilr€ C/UNEP/OECD/IEA 1997) to

ensure that the emission inventories submitted to the UNFCCC are consistent and comparable betwegheations.
IPCC Good Practice Guidance and Uncertainty Management ilohi&tGreenhouse Gas Inventoriasd the

IPCC Good Practice Guidance for Land Use, Lagske Change, and Forestfyrther expanded upon the

methodologies in thRevised 1996 IPCC Guidelinda 2006, the IPCC accepted @06 Guidelines for National
Greenlouse Gas Inventoriest its TwentyFifth Session (Mauritius, April 2006The 2006 IPCC Guidelinebuilt

10RUH LQIRUPDWLRQ SURYLGHG LQ 3*OREDO :DUPLQJ FRWHIQtWASBeGsthenV HFWLRQ R\
Report(AR4) GWP values.

27KH WHUP 3DQWKURSRJHQLF ~ hHous¥ fals ¢misSladarantinamovald thataxe aRecd téstiof human

activities or are the result of natural processes that have been affected by human activities (IPCC 2006).

3 Article 2 of the Framework Convention on Climate Change published by the UNNEB/Mformation Unit on Climate

Change. See <http://unfccc.int>. (UNEP/WMO 2000)

4 Article 4(1)(a) of the United Nations Framework Convention on Climate Change (also identified in Article 12). Subsequent

decisions by the Conference of the Parties elatwthterole of Annex | Parties in preparing national inventories. See

<http://unfccc.int>.
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XSRQ WKH SUHYLRXV ERGLHV RI ZRUN DQG LQFOXGH QHZ VRXUFHYV DQG Jl
published methods whenever scientific &achnical knowledge have improved since the previous guidelines were

issued. The UNFCCC adopted t1#2906 IPCC Guidelineas the standard methodological approach for Annex |

countries at the Nineteenth Conference of the Parties (Warsaw, Noverier2IB). This report presents

information in accordance with these guidelines.

Overall, this Inventory of anthropogenic greenhouse gas emissions and sinks provides a common and consistent
mechanism through which Parties to the UNFCCC can estimate emissiacangpate the relative contribution of
individual sources, gases, and nations to climate chdhgelinventory provides a national estimate of sources and
sinks for the United States, including all states and U.S. Terrifofibe.structure of this repom tonsistent with

the current UNFCCC Guidelines on Annual Inventories (UNFCCC 2014) for Parties included in Annex | of the
Convention.

Box1-1: Methodological Approach for Estimating and Reporting U.S. Emissand Sinks

In following the UNFCCC requirement under Article 4.1 to develop and suiatidnal greenhouse gas emissions
inventories, the gross emissions total presented in this report for the United States excludes emissions and sinks
from LULUCF. The et emissions total presented in this report for the United States includes emissions and sinks
from LULUCEF. All emissions and sinks aoalculated using internationalpccepted method®nsistent withthe

IPCC Guidelines® Additionally, the calculated esgions and sinks in a given year for the United States are

presented in a common manner in line with the UNFCCC reporting guidelines for the reporting of inventories under
this international agreemeht he use of consistent methods to calculate emissiodisinks by all nations

providing their inventories to the UNFCCC ensures that these reports are comparable. In this regard, U.S. emissions
and sinks reported in this Inventory are comparable to emissions and sinks reported by other countries. The report
itself follows this standardized format, and provides an explanation of the IPCC methods used to calculate emissions
and sinks, and the manner in which those calculations are conducted.

On October 30, 2009, the U.S. Environmental Protection Agency (EfAisped a rule for the mandatory

reporting of greenhouse gases from large greenhouse gas emissions sources in the United States. Implementation of
&)5 3DUW LV UHIHUUHG WR DV WKH (3$7V *+eéfhouse apendtiztdasii DSSOLH

fuel suppliers, industrial gas suppliers, and facilities that ig§€tunderground for sequestration or other reagons.

Reporting is at the facility level, except for certain suppliers of fossil fuels and industrial greenhouse gases. The

GHGRP dataset and the data presented in this Inventory are complementary

The GHGRP datasetontinues to bean important resource for tiheventory, providing not onlgnnualemissions
information, but als@ther annual information, such astivity data and emissions factors thahimprove and
refinenational emission estimataad trends over tim&HGRP data also allow EPA to disaggatgnational
Inventory estimates in new ways that can highlight differences across regions-@ateganies of emissionshe
GHGRP will continue to enhance QA/QC procedures and assessment of uncertainties.

EPA continues to analyze the data on an anmasik to improve the national estimates presented in this Inventory
and uses that dafor a number ofategoriesonsistent with IPCC guidan@&EPA has integrated GHGRP
information forseverakategorie¥? this yearand also identifisother categorig! where EPA plans to integrate

5 U.S. Territories includémerican Samoa, Guam, Puerto Rico, U.S. Virgin Islands, Wake Island, and other U.S. Pacific Islands.
6 See <http://www.ipcmggip.iges.orp/public/index.html>.

7 See dttp://unfccc.int/resource/docs/2013/cop19/eng/10a03.pdf

8See dttps://www.epa.gov/ghgreporting

9 See ttp:/Mvww.ipcenggip.iges.or.jp/public/tb/TEI_Technical_Bulletin_1.pdf

10 Energy Sector (Coal Mining, Stationary Combustion [Industrial Combustion Disaggregation], and Oil and Gas Systems);
Industrial Processes and Product Use (Adipic Acid Production, Aluminum Production, Carbon Dioxide Consumption, Electrical
Transmission anBistribution, HCFG22 Production, Lime Production, Magnesium Production and Processing, ODS
Substitutes, Nitric Acid Production, Petrochemical Production, Semiconductor Manufacture); and Waste (Landfills).

11 ndustrial Process and Product Use (Ammonia @tidn, Cement Production, and Other Fluorinated Gas Production)
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additionalGHGRP datan the next edition of this repofseethosecategories Planned Improvement sections for
details).

1.1 Background Information

Science

For over the past 200 years, the burning of fossil fuels such as caiil, ateforestation, landse changes, and

other sources have caused the concentrations efrapging "greenhouse gases" to increase significantly in our
atmosphere (NOAA 2017). These gases in the atmosphere absorb some of the energy being radiz¢ed from
surface of the Earth that would otherwise be lost to space, essentially acting like a blanket that makes the Earth's
surface warmer than it would be otherwise.

Greenhouse gases are necessary to life as we know it. Without greenhouse gasés th@atural heatrapping

properties othe atmosphere, the planet's surface would be about 60 degrees Fahrenheit cooler than present

(USGCRP 2014 Carbon dioxide is also necessary for plant growth. With emissions from biological and gdologic

sources, theris a natural level of greenhouse gases that is maintained in the atmddphee.emissions of

greenhouse gases and subsequent changéwdaspheric concentrations aftéine balance of energy transfers

between space and the earth sysit€C 2013) A gauge of these changes is called radiative forcing, which is a
measure of ¥ XEVWDQFHY WRWDO QHW HIIHFW RQ WKH JOREDO HQHUJ\ EDODC
warming effect and a negative number represents a cooling @HesE 2013)IPCC concluded in its most recent

scientific assessment report that it is extremely likely that human influences have been the dominant cause of

warming since the mi@0" century (IPCC 2013).

As concentrations ajreenhousgases continue to increase in from pmaade sources, the Earth's temperature is
climbing above past levels. The Earth's agerand and ocean surface temperature has increased by about 1.2 to
1.9 degrees Fahrenheit since 1880. The last three decade=abbvJ®een the warmest decade successively at the
(DUWKTTV VXU IQIPEC 2a1]) Fher aspects of the climate are also changing such as rainfall patterns,
snow and ice cover, and sea leveyireenhouse gasoncentrationsontinue to increase,inlate models predict that

the average temperature at the Earth's surface is likely to increase from 0.5 to 8.6 degrees Fahrenheit above 1986
through 2005 levels by the end of this century, depending on future emiasttize responsiveness of the climate
system(IPCC 2013).

For further information on greenhouse gases, radiative forcing, and implications for climate change, see the recent
scientific assessment reports from the IPE@e U.S. Global Change Research Program (USG&Ria)d the
National Acadenies of Sciences, Engineering, and Medi¢NAS).14

Greenhouse Gases

$OWKRXIK WKH (DUWKTV DWPRVSKHUH FRQVLVWY PDLQO\ RI R[\JHQ DQG (
enhancing the greenhouse effect because both are essentially transpgarssdtta@l radiation. The greenhouse

effect is primarily a function of the concentration of water vapor, carbon dioxidg,(@éthane (Chj, nitrous

oxide (N:O), and other trace gases in the atmosphere that absorb the terrestrial radiation leavifag¢hefsbe

Earth (IPCC 2013).

Naturally occurring greenhouse gases include water v&sr,CHa, N2O, and ozone (§). Several classes of
halogenated substances that contain fluorine, chlorine, or bromine are also greenhouse gases, but they are, for the
most part, solely a product of industrial activiti€lorofluorocarbons (CFCs) and hydrochlorofluorocarbons

12 5ee sttp://www.ipcc.ch/report/ars
13 see +ittp://nca2014.globalchange.gov
14 see http://nassites.org/americasclimatechoices/

Introduction 1-3



(HCFCs) are halocarbons that contain chlorine, while halocarbons that contain bromine are referred to as
bromofluorocarbons (i.e., halon#)s statospheric ozone depleting substances, CFCs, HCFCs, and halons are
covered under the Montreal Protocol on Substances that Deplete the Ozon& hay#KFCCC defers to this

earlier international treatfConsequently, Parties to the UNFCCC are not requirétclude these gases in national
greenhouse gas inventorigsSome other fluorineontaining halogenated substaneésydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), sulfur hexafluorideSBnd nitrogen trifluoride (Ndf 2 do not deplete stratospheri

ozone but are potent greenhouse galesse latter substances are addressed by the UNFCCC and accounted for in
national greenhouse gas inventories.

There are also several other substances that influence the global radiation budget butlaredsaatttherefore
not wellmixed, leading to spatially variable radiative forcing effedisese substances include carbon monoxide
(CO), nitrogen dioxide (N¢), sulfur dioxide (S@), and tropospheric (ground levelione Qs). Tropospheric ozone
is formedfrom chemical reactions in the atmospherg@icursor pollutantsyhich includevolatile organic
compounds (VOGdncluding CH) and nitrogen oxides (NQ in the presence of ultraviolet light (sunlight)

Aerosols are extremely small particles or liquid d@pl WV VXVSHQGHG LQ WKH (DUWKYV DWPRVSI
composed of sulfur compounds, carbonaceous combustion products (e.g., black carbon), crustal materials (e.g., dust)

and other human induced pollutantsey can affect the absorptive characteristidh® atmosphere (e.g., scattering
LQFRPLQJ VXQOLJKW DzZD\ IURP WKH (DUWKYfV VXUIDFH RU LQ WKH FDVH
role in affecting cloud formation and lifetimas well agshe radiative forcing of clouds and precipitatipatterns.

Comparatively, however, while the understanding of aerosols has increased in recent years, they still account for the
largest contribution to uncertainty estimates in global energy budgets (IPCC 2013).

Carbon dioxideCH,4, andN2O are continuasly emitted to and removed from the atmosphere by natural processes

on Earth Anthropogenic activities, however, can cause additional quantities of these and other greenhouse gases to
be emitted or sequestered, thereby changing their global averagetanmspncentration®Natural activities such

as respiration by plants or animals and seasonal cycles of plant growth and decay are examples of processes that
only cycle carbon or nitrogen between the atmosphere and organic biGuesgrocesses, excegten directly or
indirectly perturbed out of equilibrium by anthropogenic activities, generally do not alter average atmospheric
greenhouse gas concentrations over decadal timefr@&iasitic changes resulting from anthropogenic activities,
however, couldthave positive or negative feedback effects on these natural systemespheric concentrations of

these gases, along with their rates of growth and atmospheric lifetimes, are prestabdellii.

Table 1-1: Global Atmospheric Concentration, Rate of Concentration Change, and
Atmospheric Lifetime of Selected Greenhouse Gases

Atmospheric Variable CO2 CHa4 N20 SKs CF4
Preindustrial atmospheric concentratiol 280 ppm 0.700 ppm 0.270 ppm 0 ppt 40 ppt
Atmospheric concentration 404 ppni 1.834 pprh 0.328 ppnP 8.6 ppb 79 ppt
Rate of concentration change 2.4 ppmlyr 5 ppblye-e 0.8 ppblyf 0.27 pptly? 0.7 ppt/yf
Atmospheric lifetime (years) See footnote 12.4 1219 3,200 50,000

aThe atmospheric C£roncentration is the 2016 annual average at the Mauna Loa, HI station (NOAA/ESRL 2017).

b The values presented are global 2015 annual average mole fractions (CDIAC 2016).

¢The 2011 Ckglobal mean atmospheric concentration is from the Advanced Global Atmospheric Gases Experiment (IP
2013).

d The growth rate for atmosphe@Hs decreased ém over 10 ppb/yr in the 1980s to nearly zero in the early 2000s; recentl
growth rate has been about 5 ppb/year

¢ The rate of concentration change is the average rate of change between 2005 and 2011 (IPCC 2013).

f For a given amount of carbon didei emitted, some fraction of the atmospheric increase in concentration is quickly abso
the oceans and terrestrial vegetation, some fraction of the atmospheric increase will only slowly decrease over a eanshe
and a small portion of the ireaise will remain for many centuries or more.

97KLY OLIHWLPH KDV EHHQ GHILQHG DV DQ 3DGMXVWPHQW WLPH"~ W d#ebca/
time.

15 Emissions estimates of CFCs, HCFCs, halons and othee-oepteting substances are included in this document for
informational purposes.
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Source: Préndustrial atmospheric concentrations, atmospHieittme, and rate of concentration cfuges for CH, N20, Sk, and
CF4 are from IPCC (2013). The rate of concentration change fari<Cah average of the rates from 2011 through 2G5
fluctuated between 910 3.0 ppm per year over this period (NOAA/ESRL 2017).

A brief description of each greenhouse gas, its sources, and its role in the atmosphere is giv@hdédiawing
section then explains the concept of GWPs, which are assigned to indgadealas a measure of their relative
average global radiative forcing effect.

Water Vapor (HO). Water vapor is the largest contributor to the natural greenhouse @ftetet: vapor is

fundamentally different from other greenhouse gases in that it caleresm and rain out when it reaches high
FROQFHOQWUDWLRQV DQG WKH WRWDO DPRXQW RI ZDWHU YDSRU LQ WKH D
temperature. While some human activities such as evaporation from irrigated crops or power plant casing rele
water vapor into the air, this has been determined to have a negligible effect on climate (IPCC 2013). The lifetime of
water vapor in the troposphere is on the order of 10 days. Water vapor can also contribute to cloud formation, and
clouds can have lio warming and cooling effects by either trapping or reflecting heat. Because of the relationship
between water vapor levels and temperature, water vapor and clouds serve as a feedback to climate change, such
that for any given increase in other greenh@ases, the total warming is greater than would happen in the absence

of water vaporAircraft emissions of water vapor can creapatrails which may alsa@evelop intocontraitinduced

cirrus cloudswith complex regional and temporal matliativeforcing effectghat currently have a low level of

scientific certainty(IPCC2013.

Carbon Dioxide (CQ. In nature, carbon is cycled between various atmospheric, oceanic, land biotic, marine biotic,

and mineral reservoir§he largest fluxes occur betwethe atmosphere and terrestrial biota, and between the

atmosphere and surface water of the ocdarthe atmosphere, carbon predominantly exists in its oxidized form as

CO,. AtmosphericCO; is part of this global carbon cycle, and therefore its fate@mplex function of

geochemical and biological procesggarbon dioxide concentrations in the atmosphere increased from

approximately 280 parts per million by volume (ppmv) in-imcustrial times to 40ppnv in 2016, a 4 percent

increase (IPCC 2013 aNDAA/ESRL 20%7).1617 7KH ,3&& GHILQLWLYHO\ VWIDWHNVWKDW 3WKH
caused by anthropogenic emissions from the use of fossil fuel as a source of energy and from land use and land use
FKDQJHV LQ SDUWLFXO D UTbeJddedéniadtgoatddHof antBr&@geri©, emissions is the

combustion of fossil fueld:orest clearing, other biomass burning, and someenengy production processes (e.g.,

cement production) also emit notable quantitie€©%. In itsFifth Assessment ReppMVKH ,3&& VWDWHG LW LV
extremely likely that more than half of the observed increase in global average surface temperature from 1951 to

2010 was caused by the anthropogenic increase in greenhouse gas concentrations and other anthropogenic forcings
together © R Z K Liiskhe&r2ost important (IPCC 2013).

Methane (CH). Methane is primarily produced through anaerobic decomposition of organic matter in biological
systemsAgricultural processes such as wetland rice cultivation, enteric fermentation insgrandthe
decomposition of animal wastes el@itl,, as does the decomposition of municipal solid waMethane is also
emitted during the production and distribution of natural gas and petroleum, and is releasegm@siadyypf coal
mining and incomiete fossil fuel combustiotmospheric concentrations 6fH, have increased by about216
percent since 1750, from a grelustrial value of about 700 ppb to 34%pb in 20518 although the rate of increase
decreased to near zero in the early 2000s, aaddtently increased again to about 5 ppb/yider IPCC has
estimated that slightly more than half of the cur@Hi flux to the atmosphere is anthropogenic, from human
activities such as agriculture, fossil fuel use, and waste disposal (IPCC 2007).

Methane is primarily removed from the atmosphere through a reaction with the hydroxyl radical (OH) and is

ultimately converted t€0,. Minor removal processes also include reaction with chlorine in the marine boundary

layer, a soil sink, and stratosphericati@ns.Increasing emissions @H, reduce the concentration of OH, a

feedback that increases the atmospheric lifetim@Hhf ,3 & & OHWKDQHYY UHDFWLRQV LQ WKH

16The preindustrial period is considered as the time preceding the year 1750 (IPCC 2013).

17 carbon dioxide concentrations during the last 1,000 years of thadarstrial peiod (i.e., 750 to 1750), a time of relative
climate stability, fluctuated by abouwl0 ppmv around 280 ppmv (IPCC 2013).
18 This value is the global 2015 annual average mole fra¢BeMAC 2016).
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lead to production of tropospheric ozone and stratospheric water vaghoof lhich also contribute to climate
change.

Nitrous Oxide (MNO). Anthropogenic sources df,0 emissions include agricultural soils, especially production of
nitrogenfixing crops and forages, the use of synthetic and manure fertilizers, and manure deposition by livestock;
fossil fuel combustion, especially from mobile combustion; adipic (nylotnéric acid production; wastewater
treatment and waste incineration; and biomass burfiimg atmospheric concentrationfO has increased by 21
percent since 1750, from a grelustrial value of about 270 ppb to83@pb in 205,19 a concentration thadtas not

been exceeded during the I1880thousand yearditrous oxide is primarily removed from the atmosphere by the
photolytic action of sunlight in the stratosphere (IPCC30

Ozone (Q). Ozone is present in both the upper stratosptandiere it skelds the Earth from harmful levels of

ultraviolet radiation, and at lower concentrations in the tropospheviere it is the main component of
DQWKURSRJHQLF SKRMIim§ Kelldst tvd decadeR, Rmissions of anthropogenic chlorine and
bromine-containing halocarbons, such as CFCs, have depleted stratospheric 0zone concemhrtioss. of

ozone in the stratosphere has resulted in negative radiative forcing, representing an indirect effect of anthropogenic
emissions of chlorine and brominempounds (IPCC 2013)he depletion of stratospheric ozone and its radiative
forcing was expected to reach a maximum in about 2000 before starting to recover.

The past increase in tropospheric ozone, which is also a greenhouse gas, is estimatee th@ifovitth largest
increase in direct radiative forcing since the-ipidustrial era, behin@0O,, black carbon, an@Ha. Tropospheric
ozone is produced from complex chemical reactions of volatile organic compounds (in@tjrmgixing with

NOx in the pesence of sunlighTthe tropospheric concentrations of ozone and these other pollutants afevetiort
and, therefore, spatially variable (IPCC 2013).

Halocarbons, Sulfur Hexafluoride, and Nitrogénfluoride. Halocarbons are, for the most part, rmaade

chemicals that have direct radiative forcing effeetd could also have an indirect effddalocarbons that contain
chlorine (CFCs, HCFCs, methyl chloroform, and carbon tetrachloride) and bromine (halons, methyl bromide, and
hydrobromofluorocarbonsgsult in stratospheric ozone depletion and are therefore controlled under the Montreal
Protocol on Substances that Deplete the Ozone LalthoughmostCFCs and HCFCarepotent global warming
gases, their net radiative forcing effect on the atmospseeeluced because they cause stratospheric ozone
depletion, which itself is a greenhouse gaswhich alsshields the Earth from harmful levels of ultraviolet
radiation.Under the Montreal Protocol, the United States phased out the production andtiopofthalons by

1994 and of CFCs by 1998nder the Copenhagen Amendments to the Protocol, a cap was placed on the production
and importation of HCFCs by nefrticle 522 countries including the U.S beginning in 1996, and then followed by
intermediateequirements and complete phaseut by the year 203@hile ozone depleting gases covered under

the Montreal Protocol and its Amendments are not covered by the UNFCCC, they are reportédviarttosy

under Annex 6.2 for informational purposes.

Hydrofluorocarbons, PFCs, §Fand N are not ozone depleting substances. The most common HFCs are,

however, powerful greenhouse gases. Hydrofluorocarbons are primarily used as replacements for ozone depleting
substances but also emitted as ghyduct of theHCFC-22 (chlorodifluoromethane) manufacturing process.

Currently, they have a small aggregate radiative forcing impact, but it is anticipated that without further controls

19 Thisvalue is the global 2015 annual aver4g®IAC 2016).

20 The stratosphere is the layer from the troposphere up to roughly 50 kilometers. In the lower regions the temperature is nearl
constant but in the upper layer the temperature increases rapidly because of sunlight absorption by the ozone lager. The o0zo
layer is the part of the stratosphere from 19 kilometers up to 48 kilometers where the concentration of ozone rea¢hes up to 1
parts per million.

2lThe troposphere is the layer from the ground up to 11 kilometers near the poles and up to 16 kiloerpetsrial regions
(i.e., the lowest layer of the atmosphere where people live). It contains roughly 80 percent of the mass of all gases in the
atmosphere and is the site for most weather processes, including most of the water vapor and clouds.

22 prticle 5 of the Montreal Protocol covers several groups of countries, especially developing countries, with low consumption
rates of ozone depleting substances. Developing countries with per capita consumption of less than 0.3 kg of certain ozone
depleting subsinces (weighted by their ozone depleting potential) receive financial assistance and a grace period of ten
additional years in the phaset of ozone depleting substances.
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their contribution to overall radiative forcing will increase (IPCC 2013). An amentita the Montreal Protocol
was adopted in 2016 which includes obligations for Parties to phase down the production and consumption of HFCs.

Perfluorocarbons, $Fand NE are predominantly emitted from various industrial processes including aluminum
smdting, semiconductor manufacturing, electric power transmission and distribution, and magnesium casting.
Currently, the radiative forcing impact of PFCsgS#hd NE is also small, buthey have a significant growth rate,
extremely long atmospheric lifaties, and are strong absorbers of infrared radiation, and therefore have the potential
to influence climate far into the future (IPCC 2013).

Carbon Monoxidg¢CO). Carbon monoxide has an indirect radiative forcing effect by elevating concentrations of
CH, ard tropospheriozone through chemical reactions with other atmospheric constituents (e.g., the hydroxyl
radical, OH) that would otherwise assist in destroydhly and tropospheric ozon€arbon monoxide is created

when carborcontaining fuels are burnedcompletely. Through natural processes in the atmosphere, it is eventually
oxidized toCQO,. Carbon monoxide concentrations are both slivgt in the atmosphere and spatially variable.

Nitrogen Oxides (NQ. The primary climate change effects of nitrogaides (i.e., NO and N£are indirect

Warming effects can occur due to reactions leading to the formation of ozone in the troposphere, but cooling effects
can occur due to the role of N@s a precursor to nitrate particles (i.e., aerosols) and dusttaat®n of

stratospheric ozone when emitted from very high altitude airetaitiditionally, NO, emissions are also likely to
decrease CHconcentrations, thus having a negative radiative forcing effect (IPCC 2013). Nitrogen oxides are
created from lighting, soil microbial activity, biomass burning (both natural and anthropogenic fires) fuel
combustion, and, in the stratosphere, from the pegpadation of MD. Concentrations of NGare both relatively
shortlived in the atmosphere and spatially valgab

Non-methane Volatile Organic Compounds (NMVOGE)i+-methane volatile organic compounds include
substances such as propane, butane, and ethane. These compounds patrticipate, alopgmitie ¥@mation of
tropospheric ozone and other photochemisddants. NMVOCs are emitted primarily from transportation and
industrial processes, as well as biomass burning anéhdastrial consumption of organic solvents. Concentrations
of NMVOCs tend to be both shdived in the atmosphere and spatially varébl

AerosolsAerosols are extremely small particles or liquid droplets found in the atmosphere that are either directly
HPLWWHG LQWR RU DUH FUHDWHG WKURXJK AekosdisloFtbe® cherhDdfF WLRQV LQ WK
precursors can be emitteyl batural events such as dust starbisgenic owolcanic activity, or by anthropogenic

processes such as transportation, coal combustion, cement manufacturing, waste incimdvatinass burning.

Various categories of aerosols exXistm both naturahnd anthropogenic sour¢essich as soil dust, sea salt, biogenic

aerosols, sulfates, nitrates, volcanic aerosols, industriglahgstarbonaceotfsaerosols (e.g., black carbon,

organic carbon)Aerosols can be removed from the atmosphere relativelylyapi precipitation or through more

complex processes under dry conditions.

Aerosols affect radiative forcing differently than greenhouse gases. Their radiative effects occur through direct and
indirect mechanisms: directly by scattering and absorbilzg szdiation (and to a lesser extent scattering,

absorption, and emission of terrestrial radiation); and indirectly by increasing cloud droplets and ice crystals that
modify the formation, precipitation efficiency, and radiative properties of clouds (BOCE).Despite advances in
understanding of clouderosol interactions, the contribution of aerosols to radiative forcing are difficult to quantify
because aerosols generally have short atmospheric lifetimes, and have number concentrations, sinaslistnéut
compositions that vary regionally, spatially, and temporally (IPCC 2013).

7KH QHW HIIHFW RI DHURVROV RQ WKH (DUWKYV UDGLDWLYH IRUFLQJ LV E
climate)., Q IDFW 3GHVSLWH Wiges anaé&rdsdl forCirig Hhg g iB high \abnfiddbce that aerosols have
RIIVHW D VXEVWDQWLDO SR UW LRAthBUgH betalRd el @hain irBtesSatmosphere for

23 NOx emissions injected higher in the stratosphere, primarily from fuel combestimsions from high altitude supersonic
aircraft, can lead to stratospheric ozone depletion.

24 carbonaceous aerosols are aerosols that are comprised mainly of organic substances and forms of black carbon (or soot)
(IPCC 2013).

25The IPCC (2013) defines Higconfidence as an indication of strong scientific evidence and agreement in this statement.
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only days to weeks, their concentrations respond rapidly to changesssion$8 Not all aerosols have a cooling

effect. Current research suggests that another constituent of aerosols, black carbon, has a positive radiative forcing

E\ KHDWLQJ WKH (DUWKYVY DWPRVSKHUH DQG FDXVLQUJPCXRIBFH ZDUPLQJ
Black carbon also influences cloud development, but the direction and magnitude of this forcing is an area of active
research.

Global Warming Potentials

A global warming potential is a quantified measure of the globally averaged relative radiative forcing impacts of a
particular greenhouse gas (Seblel-2). It is defined ashe accumulated radiative forcing within a specific time
horizon caused by emitting 1 kilogram (kg) of the gas, relative to that of the reference, #3201 4). Direct
radiative effects occur when the gas itself absorbsaitiadiIndirect radiative forcing occurs when chemical
transformations involving the original gas produce a gas or gases that are greenhouse gases, or when a gas
influences other radiatively important processes such as the atmospheric lifetimes ofssbh@&hgaeference gas
used iCO,, and therefore GWAReighted emissions are measured in million metric tor@@®fequivalent (MMT
CO; Eq.)27 The relationship between kilotons (kt) of a gas and MM Eq. can be expressed as follows:

/16

01 ME |- - .

where,
MMT CO; Eq. = Million metric tons ofCO, equivalent
kt = kilotons (equivalent to a thousand metric tons)
GWP = Global warming potential
MMT = Million metric tons

GWP values allow for a comparison of the imgaaf emissions and reductions of different gadesording to the
IPCC, GWPs typically have amcertainty of £3%ercentParties to the UNFCCC have also agreed to use GWPs
based upon a 16¢ear time horizon, although other time horizon values arealail

«WKH JOREDO ZDUPLQJ SRWHQWLDO YDOXHV XVHG E\ 3aDUWLHV LQFOXG
Parties) to calculate the carbon dioxide equivalence of anthropogenic emissions by sources and removals

by sinks of greenhouse gases shall be thos®NiIHG LQ WKH FROXPQ HQWLWOHG 3*OREDO ZzZD
JLYHQ WLPH KRUL]JRQ LQ WDEOH RI WKH HUUDWD WR WKH FRQWULE
Assessment Report of the Intergovernmental Panel on Climate Change, based on the effect®atgreen

gases over a 10@ear time horizon28

Greenhouse gases with relatively long atmospheric lifetimes @€g.CHa, N2O, HFCs, PFCs, SFNFR;) tend to

be evenly distributed throughout the atmosphere, and consequently global average concentrdténs ca
determinedThe shorlived gases such as water vapor, carbon monoxide, tropospheric ozone, 0zone precursors
(e.g., NQ, and NMVOCs), and tropospheric aerosols (e.go [B@ducts and carbonaceous particles), however,
vary regionally, and consequenitys difficult to quantify their global radiative forcing impacBarties to the
UNFCCC have not agreed upon GWP values for these gases that ativati@md spatially inhomogeneous in the
atmosphere.

26 yolcanic activity can inject significant quantities of aerosol producing sulfur dioxide and other sulfur compounds into the
stratosphere, which can result irader negative forcing effect (i.e., a few years) (IPCC 2013).

27 Carbon comprises 12/#of carbon dioxide by weight.

28 Framework Convention on Climate Change; Available online at: <http://unfccc.int/resource/docs/2013/cop19/eng/10a03.pdf>;
31 January 2D4; Report of the Conference of the Parties at its nineteenth session; held in Warsaw from 11 to 23 November
2013; Addendum; Part two: Action taken by the Conference of the Parties at its nineteenth session; Decision 24/CP119; Revisio
of the UNFCCC repoimg guidelines on annual inventories for Parties included in Annex | to the Convention; p. 2. (UNFCCC
2014).
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Table 1-2: Global Warming Potentials and Atmospheric Lifetimes (Years) Used in this Report

Gas Atmospheric Lifetime Gwp?
CO: See footnote 1
CH£ 12 25
N20 114 298
HFC-23 270 14,800
HFC-32 4.9 675
HFC-125 29 3,500
HFC-134a 14 1,430
HFC-143a 52 4,470
HFC-152a 14 124
HFC-227ea 34.2 3,220
HFC-236fa 240 9,810
HFC-4310mee 15.9 1,640
CH 50,000 7,390
CaFe 10,000 12,200
CaF10 2,600 8,860
CeF14 3,200 9,300
Sk 3,200 22,800
NFs 740 17,200

a100year time horizon.

b For a given amount of carbon dioxide emitted, some fraction of the
atmospheric increase in concentration is quickly absorbéldebgceans
and terrestrial vegetation, some fraction of the atmospheric increase
only slowly decrease over a number of years, and a small portion of
increase will remain for many centuries or more.

¢ The GWP of CHincludes the direct effects dthose indirect effects
due to the production of tropospheric ozone and stratospheric water
vapor.The indirect effect due to the production of 4®not included.
Source(IPCC 2007)

Box1-2: ThelPCC Fifth Assessment Repamtd Global Warming Potentials

In 2014, the IPCC published iEfth Assessment Rep@ARS5), which updateds comprehensive scientific
assessment of climate changéthin the AR5 report, the GWP values of gases were revidative to previous
IPCC reports, namely tHeCC Second Assessment Ref8AR) (IPCC 1996), thtPCC Third Assessment Report
(TAR) (IPCC 2001), and the’CC Fourth Assessment Rep@kR4) (IPCC 2007)Although the AR4 GWP values
are used throughout this report, consistent with UNFCCC reporting requiremergs;aitgltforwardto review the
changes to the GWP values andrtirapact onestimates ofhe total GWPweighted emissions of the United State
In the AR5, the IPCC applied an improved calculatio@©% radiative forcing and an improveziO, response
function in presenting updated GWP valukdditionally, the atmospheric lifetimes of some gases have been
recalculated, and updated backgroundoemtrations were usekh addition, the values for radiative forcing and
lifetimes have been recalculated for a variety of halocarbons, and the indirect effects of methane on ozone have been
adjusted to match more recent sciefi@hle1-3 presents the new GWP values, relative to those presented in the
AR4 and using the 16@ear time horizon common to UNFCCC reporting.

For consistencwith internation&reporting standards under the UNFCCC, official emission estimates are reported
by the United States using AR4 GWP values, as required by the 2013 revision to the UNFCCC reporting guidelines
for national inventoried® All estimates provided throughout shieport are also presented in unweighted units. For

29 see <http://unfece.int/resource/docs/2013/cop19/eng/10a03.pdf>.
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informational purposes, emission estimates that use GWPs from other IPCC Assessment Reports are presented in

detail in Annex 6.1 of this report.

Table 1-3: Comparison of 100

-Year GWP values

AR5 with

Gas SAR AR4 AR5?2 feedback$ Comparison to AR4
SAR AR5 AR5 with
feedback$
CG 1 1 1 1 NC NC NC
CHs® 21 25 28 34 4) 3 9
N20 310 298 265 298 12 (33) 0
HFC-23 11,700 14,800 12,400 13,856| (3,100) (2,400) (944)
HFC-32 650 675 677 817 (25) 2 142
HFC-125 2,800 3,500 3,170 3,691 (700)  (330) 191
HFC-134a 1,300 1,430 1,300 1,549 (130)  (130) 119
HFC-143a 3,800 4,470 4,800 5,508 (670) 330 1,038
HFC-152a 140 124 138 167 16 14 43
HFC-227ea 2,900 3,220 3,350 3,860 (320) 130 640
HFC-236fa 6,300 9,810 8,060 8,998 | (3,510) (1,750) (812)
HFC-4310mee 1,300 1,640 1,650 1,952 (340) 10 312
Ck 6,500 7,390 6,630 7,349 (890)  (760) (41)
CaFs 9,200 12,200 11,100 12,340| (3,000) (1,100) 140
CaF10 7,000 8,860 9,200 10,213| (1,860) 340 1,353
CeF14 7,400 9,300 7,910 8,780 (1,900) (1,390) (520)
Sk 23,900 22,800 23,500 26,087 1,100 700 3,287
NFs3 NA 17,200 16,100 17,885 NA (1,100) 685

NA (Not Applicablg

NC (No Changé

aThe GWPs presented here are the ones most consistent with the methodology used in the Af

report.

b The GWP values presented here from the AR5 report include cliragten feedbacks for the non
COz gases in order to be consistent with the apgiaised in calculating th&0; lifetime.
Additionally, the AR5 reported separate values for fossil versus biogenic methane in order to a

for the CO: oxidation product.
¢ The GWP of CHincludes the direct effects and those indirect effects due to the production of
tropospheric ozone and stratospheric water vapgm.indirect effect due to the production of 4©

only included in the value from AR5 that includes climedebon feedback
Note: Parentheses indicate negative values.

Source: (IPCC 2013, IPCC 2007, IPCC 2001, IPCC 1996).

1.2 National Inventory Arrangements

The U.S. Environmental Protection Agency (EPA), in cooperation with other U.S. government agencies, prepares
thelnventory of U.S. Greenhouse Gas Emissions and.S\nk&le range of agencies and individuals are involved

in supplying data to, planning methodological approaches and improvements, reviewing, or preparing portions of the
U.S. Inventory? including federabnd state government authorities, research and academic institutions, industry

associations, and private consultants.

Within EPA, the Office of Atmospheric Programs (OAP) is the lead office responsible for the emission calculations
provided in the Inventgr as well as the completion of the National Inventory Report and the Common Reporting

JRUPDW WDEOHV (3$9V 2IILFH RI 7TUDQVSRUWDWLRQ DQG $LU 4XDOLW\

27

the Inventory. While the U.S. Department of StateBfiD O O\ VXEPLWY WKH DQQXDO ,QYHQWRU\ V
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OAP serves as the Inventory focal point for technical questions and comments on the U.S. Inventory. The staff of
EPA coordinate the annual methodological choice, activity data collection, and ensesialations at the

individual source category level. EPA, the inventory coordinator, compiles the entire Inventory into the proper
reporting format for submission to the UNFCCC, and is responsible for the collection and consistency of cross
cutting isses in the Inventory.

Several other government agencies contribute to the collection and analysis of the underlying activity data used in

the Inventory calculations. Formal and informal relationships exist between EPA and other U.S. agencies that

provideof LFLDO GDWD IRU XVH LQ WKH ,QYHQWRU\ 7KH 8 6 'HSDUWPHQW RI
provides national fuel consumption data and the U.S. Department of Defense provides military fuel consumption

and bunker fuels. Informal relationship®a/ R H[LVW ZLWK RWKHU 8 6 DJHQFLHV WR SURYLG
emission calculations. These include: the U.S. Department of Agriculture, National Oceanic and Atmospheric
Administration, the U.S. Geological Survey, the Federal Highway Admatish, the Department of

Transportation, the Bureau of Transportation Statistics, the Department of Commerce, the National Agricultural

Statistics Service, and the Federal Aviation Administration. Academic and research centers also provide activity

data &d calculations to EPA, as well as individual companies participating in voluntary outreach efforts with EPA.

Finally, the U.S. Department of State officially submits the Inventory to the UNFCCC eachHigurie1-1

diagrams the National Inventory Arrangements.
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Figure 1-1: National Inventory Arrangements Diagram
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1.3 Inventory Process

This section describdsPA § approach to preparing the annual U.S. Inventory, which consists of a National

Inventoly Report (NIR) and Common Reporting Format (CRF) tafilks.inventory coordinator at EPA is

responsible for compiling all emission estimates and ensuring consistency and quality throughout the NIR and CRF
tables. Emission calculations for individuaburces are the responsibility of individual source leads, who are most
familiar with each source category and the unique characteristics of its emissions fhefiledividual source

leads determine the most appropriate methodology and collect thectieity data to use in the emission

calculations, based upon their expertise in the source category, as well as coordinating with researchers and
contractors familiar with the sourceésmulti-stage process for collecting information from the individoalrse

leads and producing the Inventory is undertaken annually to compile all information and data.

Methodology Development, Data Collection, and Emissions
and Sink Estimation

Source leads at EPA collect input data and, as necessary, evaluate or devettipngition methodology for the

individual source categorieBecause EPA has been preparing the Inventory for many yeansp$t source

FDWHJRULHVY WKH PHWKRGRORJ\ IRU WKH SUHYLRXV \HDU LV DSSOLHG W
inventay analysts collect any new data or update data that have changed from the previdliestemates for a

new source category are being developed for the first time, or if the methodology is changing for an existing source
category (e.g., the United $a is implementing a higher Tiered approach for that source category), then the source
category lead will develop a new methodology, gather the most appropriate activity data and emission factors (or in

some cases direct emission measurements) for the timte series, and conduct a special sospezific review

process involving relevant experts from industry, government, and universities.

Once the methodology is in place and the data are collected, the individual source leads calculate emissions and s
estimates. The source leads then update or create the relevant text and accompanying annexes for the Inventory.
Source leads are also responsible for completing the relevant sectoral background tables of the CRF, conducting
quality assurance and quglitontrol (QA/QC) checks, and uncertainty analyses.

The treatment of confidential business information (CBI) inltiventory is based on EPA internal guidelines, as

well as regulation'sapplicable to the data usdePA has specific procedures in placeafeguard CBI during the

inventory compilation process. When information derived from CBI data is used for development of inventory
calculations, EPA procedures ensure that these confidential data are sufficiently aggregated to protect confidentiality
while still providing useful information for analysis. For example, within the Energy and Industrial Process and
Product Use (IPPU) sectors, EPA has used aggregated fmiltlydata from the Greenhous Gas Reporting

Program (GHGRP) to develop, inform, andgoialit- DVV XUH 8 6 HPLVVLRQV HVWLPDWHV ,Q
with industry engagement, compiled criteria that would be used for aggregating its confidential data to shield the
underlying CBI from public disclosureln the Inventory, EPA is publishi only data values that meet the GHGRP
aggregation criterid. Specific uses of aggregated facilgvel data are described in the respective methodological
sections within those chaptehs.addition, EPA also uses historical data reported voluntariyPt via various

1 &)5 SDUW 6XESDUW % WLWOHG 3&RQILG HSMW teQulation &sRblishing\fuled Hovarning IRUP D W L |
handling of data entitled to confidentiality treatment. Satips://www.ecfr.gov/cgbin/text
idx?SID=a764235c9eadf9afe05fe04c07a28939&mc=true&node=sp40.1.2.b&rgn=dive

2 JHGHUDO 5HJLVWHU XRWUIPN BESRUMHQKR3URJUDP 3XEOLFDWLRQ RI $JJUHJDWHCG
and 110 of notice athttps://www.gpo.gov/fdsys/pkg/FR01406-09/pdf/201413425.pd#.

3 U.S. EPA Greenhouse Gas Reporting Program. Developments on Publication of fagb@geenhouse Gas Data, November
25, 2014. See <http://www.epa.gov/ghgreporting/confidebtiaginessnformationghgreporting>
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voluntary initiatives with U.S. industry (e.g., EPA Voluntary Aluminum Industrial Partnership (VAIP)) and follows
guidelines established under the voluntary programs for managing confidential business information.

SummaryDataCompilation and Storage

7KH LQYHQWRU\ FRRUGLQDWRU DW (3$ FROOHFWYVY WKH VRXUFH FDWHJRUI
the emission estimates into a summary spreadsheet that links the individual source category spreadsheets together.

This summansheet contains all of the essential data in one central location, in formats commonly used in the

Inventory documentn addition to the data from each source category, national trend and related data are also

gathered in the summary sheet for use irkkecutive Summary, Introduction, and Recent Trends sections of the

Inventory report.( OHFWURQLF FRSLHVY RI HDFK \HDUfV VXPPDU\ VSUHDGVKHHW Z
estimates for the United States, are kept on a central server at EPAhendeistliction of the inventory

coordinator.

National Inventory Report Preparation

The NIR is compiled from the sections developed by each individual sourcénlealdlition, the inventory

coordinator prepares a brief overview of each chapter that stinesighe emissions from all sources discussed in

the chaptersThe inventory coordinator then carries out a key category analysis for the Inventory, consistent with the
2006 IPCC Guidelines for National Greenhouse Gas Inventaai®s$ in accordance withe reporting requirements

of the UNFCCCAIso at this time, the Introduction, Executive Summary, and Recent Trends sections are drafted, to
reflect the trends for the most recent year of the current Inveffioeyanalysis of trends necessitates gathering
supplemental data, including weather and temperature conditions, economic activity and gross domestic product,
population, atmospheric conditions, and the annual consumption of electricity, energy, and fosSihuejss in

these data are used to expl#ie trends observed in greenhouse gas emissions in the UnitedFadtesmore,

specific factors that affect individual sectors are researched and disdlasgdf the factors that affect emissions

are included in the Inventory document as sepanddyses or side discussions in boxes within the Text boxes

are also created to examine the data aggregated in different ways than in the remainder of the document, such as a
focus on transportation activities or emissions from electricity generdatiendocument is prepared to match the
specification of the UNFCCC reporting guidelines for National Inventory Reports.

Common Reporting Format Table Compilation

The CRF tables are compiled from individual tables completed by each individual soureehiead;ontain source
emissions and activity dat&. KH LQYHQWRU\ FRRUGLQDWRU LQWHJUDWHY WKH VRXUFF
BHSRUWHU  IRU WKH 8QLWHG 6WDWHYV DV VThe suththaFyReports NVemisgiBnsD FURV V [
methods, anémission factors used, the overview tables for completeness and quality of estimates, the recalculation
tables, the notation key completion tables, and the emission trends tables are then completed by the inventory
coordinatorInternal automated qualitthecks on the CRF Reporter, as well as reviews by the source leads, are

completed for the entire time series of CRF tables before submission.

QA/QC and Uncertainty

QA/QC and uncertainty analyses are supervised by the QA/QC and uncertainty coordinatbes;endeneral

oversight over the implementation of the QA/QC plan and the overall uncertainty analysis for the Inventory (see
sections on QA/QC and Uncertainty, below). These coordinators work closely with the source leads to ensure that a
consistent QA/Q(lan and uncertainty analysis is implemented across all inventory sources. The inventory QA/QC
plan, detailed in a following section, is consistent with the quality assurance procedures outlined by EPA and IPCC.
The QA/QC and uncertainty findings also infooverall improvement planning, and specific improvements are

noted in the Planned Improvements sections of respective categories.
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Expert Public and UNFCCReview Periods

During the 3@day Expert Review period, a first draft of the document is senséteat list of technical experts

outside of EPA who are not directly involved in preparing estimates. The purpose of the Expert Review is to
encourage feedback on the methodological and data sources used in the current Inventory, especially for sources
which have experienced any changes since the previous Inventory.

Once comments are received and addressed, a second draft of the document is released for public review by
publishing a notice in the U.S. Federal Register and posting the document on the BEBi#¥eWEhe Public Review
period allows for a 3@ay comment period and is open to the entire U.S. public. Comments may require further
discussion with experts and/or additional research, and specific Inventory improvements requiring further analysis
as aresult of comments are noteddategories Planned Improvement sections. See those sections for specific
details EPA publishes comments received with publication of the report on its website.

Following completion and submission of the report to the UNFQB&report also undergoes review by an
independent international team of experts for adherence to UNFCCC reporting guidelines and IPCC &uidance.
Feedback from these review processes all contribute to improving inventory quality over time.

Final Submital to UNFCCC and Document Printing

After the final revisions to incorporate any comments from the Expert Review and Public Review periods, EPA
prepares the final National Inventory Report and the accompanying Common Reporting Format Reporter database.
TheU.S. Department of State sends the official submission of the U.S. Inventory to the UNFCCC. The document is
then formatted and posted online, available for the p8blic.

1.4Methodology and Data Sources

Emissions of greenhouse gases from various sourcsi@dategories have been estimated using methodologies
that are consistent with tt2906 IPCC Guidelinefor National Greenhouse Gas Inventor{8CC 2006).To a
greatextent,this reportmakes use gbublishedofficial economic and physical statistias factivity data and

emission factordDepending on the emission source category, activity data can include fuel consumption or
deliveries, vehiclamiles traveled, raw material processed, Etoission factors are factors that relate quantities of
emissiors to an activityFor more information on data sources see Sedétidabove Box 1-1 on use of GHGRP

data, and categoridsiethodology sections for more information on data sources. In addition to official statistics, the
report utilizes findings from academic studies, traggociation surveys and statistical reports, along with expert
judgement, consistent wi2006 IPCC Guidelines

The IPCC methodologies provided in @06 IPCC Guidelinesepresenfoundationaimethodologies for a variety

of source categories, and manytlodse methodologies continue to be improved and refined as new research and
data become availabl€his report uses the IPCC methodologies when applicable, and supplements them with other
available countnspecific methodologies and data where possiifeices made regarding the methodologies and

data sources used are provided in conjunction with the discussion of each source category in the main body of the
report.Complete documentation is provided in the annexes on the detailed methodologies amarciedausilized

in the calculation of each source category.

Box1-3: IPCC Reference Approach

The UNFCCC reporting guidelines require countries to complete adtia" reference approach for estimating
COemisVLRQV IURP IRVVLO IXHO FRPEXVWARQVHEG VDR GD OTIHBIHIMARGIN RIRUYU SER
method uses alternative methodologies and different data sources than those contained in that section of the Energy

4 See ttp://unfcce.int/national_reports/annex_i_ghg_inventories/review_process/items/2#62.php
5 See <http://epa.gov/climatechange/ghgemissions/usinventoryreport. html>.
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chapter.The reference approach iesates fossil fuel consumption by adjusting national aggregate fuel production
data for imports, exports, and stock changes rather than relying ewsendonsumption surveys (see Annex 4 of

this report).The reference approach assumes that once chdsed fuels are brought into a national economy, they
are either saved in some way (e.g., stored in products, kept in fuel stocks, or left unoxidized in ash) or combusted,
and therefore the carbon in them is oxidized and released into the atmo8pghetming for actual consumption of

fuels at the sectoral or sufational level is not required.

1.5Key Categories

The2006 IPCC Guidelines, 3 & & GHILQHY D NH\ FDWHJRU\ DV D 3>FDWHJRU\@ WK
QDWLRQDO LQYHQWRU\ VA\VWHP EHFDXVH LWV HVWLPDWH KDV D VLJQLILFI
greenhouse gases in terms of the absolute level, the trebfoH XQFHUWDLQW\ LQ HBLVVLRQV DQG |
definition, key categories include those categories that have the greatest contribution to the absolute level of national
emissionsin addition, when an entire time series of emission and removal estismatepared, a thorough

investigation of key categories must also account for the influence of trends and uncertainties of individual source

and sink categorie3his analysican identifysource and sink categories that diverge from the overall trend in

naional emissionskinally, a qualitative evaluation of key categories is performed to capture any categories that

were not identified in any of the quantitative analyses.

Approach 1, as defined in t2®06IPCC GuidelinegIPCC 2006), was implemented teeitify the key categories

for the United State§ his analysis was performed twice; one analysis included sources and sinks from the Land

Use, LandUse Change, and Forestry (LULUCF) sector, the other analysis did not include the LULUCF categories.
Following Approach 1, Approach 2, as defined in 20806 IPCC GuidelinedPCC 2006), was then implemented to
identify any additional key categories not already identified in Approach 1 assessment. This analysis, which includes
HDFK VRXUFH FDW H dd&edsimBMs xoQurdAiesWrhits Qalsiatibns, was also performed twice to include

or exclude LULUCF categories.

In addition to conducting Approach 1 and 2 level and trend assessments, a qualitative assessment of the source
categories, as described in 26 IPCC Guideline¢glPCC 2006), was conducted to capture any key categories that
were not identified by either quantitative methbdr this inventory, no additional categories were identified using
criteria recommend by IPCC, but EPA continues to updsiguialitative assessment on an annual basis.

Table 1-4: Key Categories for the United States (1990 -2015)
2015
Emissions
a
Qual (MMT
IPCC Source Categoriey  Gas Approach 1 Approach 2 CO:2Eq.)
Level Trend Level Trend Level Trend Level Trend
Without  Without With With Without  Without With With
LULUCF LULUCF LULUCF LULUCF|LULUCF LULUCF LULUCF LULUCF
Energy
COz Emissions from
Mobile Combustion: CO i i i 3 3 s s 3 1,463.4
Road
COz Emissions from
Stationary Combustion
Coal- Electricity CO: ¥ ¥ ¥ ¥ ¥ s s t 1,350.5
Generation
COz Emissions from
Stationary Combustion coz ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ 22El

6SeeChap’[er\dfolume1,3OHWKRGRORJLFDO &KRLFH DQG ,GHQWLILFDWLRQ RI .H\ &DWHJRUL
<http://www.ipcenggip.iges.or.jp/public/2006gl/index.html>.
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CO2 Emissions from
Stationary Combustion
Gas- Industrial

467.5

CO2 Emissions from
Stationary Combustion
Gas- Residential

252.8

CO2 Emissions from
Mobile Combustion:
Aviation

CC:

159.2

CO2 Emissions from
Mobile Combustion:

Other

81.5

CO2 Emissions from
Stationary Combustion
Oil - Residential

COz Emissions from
Natural Gas Systems

66.8

42.4

CO2 Emissions from
Mobile Combustion:
Marine

32.3

CO2 Emissions from
Stationary Combustion
Gas- U.S. Territories

3.0

CO2 Emissions from
Stationary Combustion
Coal- Residential

0.0

Fugitive Emissions from
Coal Mining

CHa

60.9

Non-COz Emissions
from Stationary
Combustion Residential

CHa
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N20 Emissions from
Mobile Combustion:
Road

Industrial Processes

COz Emissions from
Cement Production

CC

39.9

CO2 Emissions from
Other Process Uses of
Carbonates

Emissions from
Substitutes for Ozone
Depleting Substances

PFC Emissions from
Aluminum Production

COo

HiGWP

HiGWP

11.2

168.5

4.2

Agriculture

CHs Emissions from
Manure Management

Indirect NO Emissions
from Applied Nitrogen

CHa Emissions from
Landfills

CHs

N20

wese o

CHa

66.3

38.0

115.7

COz Emissions from
Land Converted to
Settlements

COo.

68.3

COz Emissions from
Land Converted to
Grassland

Co.

20.5
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CO2 Emissions from

Grassland Remaining CO ¥ t ¥ (20.9)
Grassland

COz Emissions from

Land Converted to CO. ¥ ¥ (75.2)

Forest Land
CO2 Emissions from

Settlements Remaining CO. ¥ ¥ ¥ ¥ (102.1)
Settlements

COz Emissions from

Forest Land Remaining | COz ¥ ¥ ¥ ¥ (6662)
Forest Land

CHa4 Emissions from

Forest Fires CH * ¥ 73
N20O Emissions from

Forest Fires e ¥ =
Subtotal Without LULUCF 6,422.0
Total Emissions Without LULUCF 6,586.7
Percent of Total Without LULUCF 98%
Subtotal With LULUCF 5,660.2
Total Emissions With LULUCF 5,827.7
Percent of Total With LULUCF 97%

aQualitative criteria.
bEmissions fronthis source not included in totals.
Note: Parentheses indicate negative values (or sequestration).

1.6 Quality Assurance and Quality Control
(QA/QC)

As part of efforts to achieve its stated goals for inventory quality, transparency, and credibilityitéteStates has
developed a quality assurance and quality control plan designed to check, document and improve the quality of its
inventory over timeQA/QC activities on the Inventory are undertaken within the framework of theQudity
Assurance/Quay Control and Uncertainty Management PIEQA/QC plan)for the U.S. Greenhouse Gas

Inventory: Procedures Manual for QA/QC and Uncertainty Analysis

Key attributes of the QA/QC plan are summarizeBigurel-2. These attributes include:

X Procedures and Formstetailed and specific systems that serve to standardize the process of documenting
and archiving information, as well as to guide the implentiemaf QA/QC and the analysis of
uncertainty

X Implementation of Procedureapplication of QA/QC procedures throughout the whole inventory
development process from initial data collection, through preparation of the emission estimates, to
publication of he Inventory

X Quality Assuranceexpert and public reviews for both threventory estimates and theventory report
(which is the primary vehicle for disseminating the results of the inventory development probess)
expert technical review conducted ttwe UNFCCC supplements these QA processes, consistent with the
2006 IPCC GuidelinedPCC 2006)

x  Quality Control consideration of secondary data @ategoryspecific checks (Tier 2 QC) in parallel and
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coordination with the uncertainty assessment; theldpment of protocols and templates, which provides
for more structured communication and integration with the suppliers of secondary information

x General Tier 1) and Categoryspecific Tier 2) Checksquality controls and checks, as recommended by
IPCC Gamd Practice Guidance and 2006 IPCC GuideliGEsCC 2006)

x Record Keepingprovisions to track which procedures have been followed, the results of the QA/QC,
uncertainty analysis, and feedback mechanisms for corrective action based on the results of the
investigations which provide for continual data quality improvement aneéduasearch efforts

X Multi-Year Implementatiara schedule for coordinating the application of QA/QC procedures across
multiple yearsespecially for categorgpecific QC

X Interaction and Coordinationpromoting communication within the EPA, across Fedagaheies and
departments, state government programs, and research institutions and consulting firms involved in
supplying data or preparing estimates for the Invenfidmg. QA/QC Management Pléself is intended to
be revised and reflect new informatidrat becomes available as the program develops, methods are
improved, or additional supporting documents become necessary.

In addition, based on the national QA/QC plan for the Inventory, sepesfic QA/QC plans have been developed

for a number of soges. These plans follow the procedures outlined in the national QA/QC plan, tailoring the
procedures to the specific text and spreadsheets of the individual sources. For each greenhouse gas emissions source
or sink included in this Inventory, a minimumafTier 1 QA/QC analysis has been undertaken. Where QA/QC

activities for a particular source go beyond the minimum Tier 1 level, and include cadépgoifjc checks (Tier 2)

further explanation is provided within the respective source category text.i8immggponses or updates based on
comments from the expert, public and the international technical expert reviews (e.g., UNFCCC) are also addressed
within the respective source category sections in each chapter.

The quality control activities describadthe U.S. QA/QC plan occur throughout the inventory process; QA/QC is
not separate from, but is an integral part of, preparing the InveQaaity control in the form of both good

practices (such as documentation procedures) and checks on whethpragtiods and procedures are being
followed? is applied at every stage of inventory development and document prepdra#iddition, quality

assurance occudiiring theexpert review anthe public review in addition to the UNFCCC expert technical

review. While all phases significantly contribute itmprovinginventory quality, the public review phase is also
essential for promoting the openness of the inventory development process and the transparency of the inventory
data and methods.

The QA/QC plan gules the process of ensuring inventory quality by describing data and methodology checks,
developing processes governing peer review and public comments, and developing guidance on conducting an
analysis of the uncertainty surrounding the emission estimiaieSQA/QC procedures also include feedback loops
and provide for corrective actions that are designed to improve the inventory estimates over time.
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Figure 1-2: U.S. QA/QC Plan Summary

1.7 Uncertainty Analyss of Emission Estimates

Uncertainty estimates are an essential element of a complete and transparent emissions inventory. Uncertainty
information is not intended to dispute the validity of the Inventory estimates, but to help prioritize efforts to improve
the accuracy of future Inventories and guide future decisions on methodological choice. While the U.S. Inventory
calculates its emission estimates with the highest possible accuracy, uncertainties are associated to a varying degree
with the development admission estimates for any inventory. Some of the current estimates, such as those for
carbon dioxide (Cg) emissions from energielated activities, are considered to have minimal uncertainty

associated with them. For some other categories of emishmmueyer, a lack of data or an incomplete

understanding of how emissions are generated increases the uncertainty or systematic error associated with the
estimates presented. The UNFCCC reporting guidelines follow the recommendatioR006H@CC Guidelias

(IPCC 2006) and require that countries provide single point estimates for each gas and emission or removal source
category. Within the discussion of each emission source, specific factors affecting the uncertainty associated with
the estimates are disszed.

Additional research in the following areas could help reduce uncertainty in the U.S. Inventory:

X Incorporating excluded emission sourc@siantitative estimates for some of the sources and sinks of
greenhouse gas emissions are not available dirtfésin particular, emissions from some lanse
activities(e.g., emissions and removals from interior Alagk&] industrial processes are not included in
the inventory either because data are incomplete or because methodologies do not exist for estimating
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emissions from these source categoiBEe Annex 5 of this report for a discussion of the sources of
greenlouse gas emissions and sinks excluded from this report.

x Improving the accuracy of emission factdtarther research is needed in some cases to improve the
accuracy of emission factors used to calculate emissions from a variety of sbaresample, the
accuracy of current emission factors applie€ky andN,O emissions from stationary and mobile
combustion is highly uncertain.

x Collecting detailed activity datahlthough methodologies exist for estimating emissions for some sources,
problems arise inlgainingactivity data at a level of detailhere more technology or proceszecific
emission factors can be applied.

The overall uncertainty estimate for total U.S. greenhouse gas emissions was developed using the IPCC Approach 2
uncertainty estimatiomethodologyEstimates of quantitative uncertainty for the total U.S. greenhouse gas
emissions are shown below, Tiable1-5.

The IPCC provides goodaxctice guidance on two approacBe&pproach 1 and Approach?2to estimating

uncertainty for individual source categori@pproach 2 uncertainty analysis, employing the Monte Carlo Stochastic
Simulation technique, was applied wherever data and resourceistpay further explanation is provided within the
respective source category text and in AnneRahsistent with th€006 IPCC GuidelinedPCC 2006), over a
multi-year timeframe, the United States expects to continue to improve the uncertainty eptiesaieted in this

report.

Table 1-5: Estimated Overall Inventory Quantitative Uncertainty (MMT CO2 Eq. and Percent )
2015Emission Uncertainty Range Relative to Emission Standard
Estimate? Estimate® Mean®  Deviation®
Gas (MMT CO 2Eq.) (MMT CO 2Eq.) (%) (MMT CO 2Eq.)
Lower Upper Lower Upper
Bound¢ Boundd Bound Bound
CO. 5,411.0 5,305.4 5,652.4 -2% 4% 5,474.3 90.2
CH4# 655.7 599.9 779.2 -9% 19% 681.8 45.3
N20¢ 334.8 302.5 424.6 -10% 27% 357.0 30.7
PFC, HFC, Sk and NE® 184.7 183.1 204.4 -1% 11% 193.4 5.5
Total 6,586.2 6,505.0 6,919.9 -1% 5% 6,706.6 106.0
LULUCF Emissionsf 19.7 14.6 38.2 -26% 94% 23.3 6.3
LULUCF Total Net Flux? (778.7) (993.1) (620.7) -20% 28% (808.4) 94.7
LULUCF Sector Total" (758.9) (969.7) (597.9) -21% 28% (785.1) 94.8
Nseitn'lfg'ss'ons (Sources ani 5 g57.3 56438 62074  -3% 7% 59215 1428

Notes: Total emissions (excluding emissions for which uncertainty was not quantifieedésted without LULUCF. Net
emissions is presented with LULUCF.

aEmission estimates reported in this table correspond to emissions from only those source categories for which quan
uncertainty was performed this year. Thus the totals reportbéitable exclude approximatédyd MMT CO; Eq. of
emissions for which quantitative uncertainty was not asseldsede, these emission estimates do not match the final tota
greenhouse gas emission estimates presented in this Inventory.

b The lowerand upper bounds for emission estimates correspond to a 95 percent confidence interval, with the lower b
corresponding to 2%5percentile and the upper bound corresponding td"q¥Ecentile.

¢ Mean value indicates the arithmegticerage of the siolated emission estimates; standard deviation indicates the extent
deviation of the simulated values from the mean.

dThe lower and upper bound emission estimates for the@uitze categories do not sum to total emissions because the |
high estimates for total emissions were calculated separately through simulations.

€ The overall uncertainty estimates did notgt@hto account the uncertainty in the GWP values fox, GO and high GWP
gases used in tHaventory emission calculations 8015

f LULUCF emissions include the Glind NO emissions reported fdfon-CO, Emissions from Forest FireBmissions from
Drained Organic SoildN20 Fluxes from Forest Soils, N6&O; Emissions from Grassland Fird$;0 Fluxes from Settlement
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Soils, Coastal Wetlands Remaining Coastal Wetlands, Peatlands Remaining Peatlands, Bmis€ibins from Land
Converted to Coastal Wetlands,

9 Net CQ flux is the net C stock change from the following categoResest Land Remaining Forest Laridand Converted t
Forest LandCropland Remaining Croplandland Converted to Croplan&rasslamd Remaining Grasslandland Converted
to GrasslandChanges in Organic Soils Carbon Stocks, Changes in Urban Tree Carbon Stocks, Changes in Yard Trin
Food Scrap Carbon Stocks in Landfillsnd Converted to Settlemenfgetlands Remaining WetlandsdLand Converted to
Wetlands

" The LULUCF Sector Total is the net sum of all emissions (i.e., sources) of greenhouse gases to the atmosphere plu
of COz (i.e., sinks or negative emissions) from the atmosphere.

Notes: Totals may not sum €t independent rounding. Parentheses indicate net sequestration.

Emissions calculated for the U.S. Inventory reflect current best estimates; in some cases, however, estimates are
based on approximate methodologies, assumptions, and incompletésdagavinformation becomes available in

the future, the United States will continue to improve and revise its emission estBestdsnex 7 of this report

for further details on the U.S. process for estimating uncertainty associated with the emission estthfates

more detailed discussion of the limitations of the current analysis and plans for improvemnext7 also includes
details on the uncertainty analysis performed for selected source categories.

1.8 Completeness

This report, along with its accompang CRF tables, serves as a thorough assessment of the anthropogenic sources
and sinks of greenhouse gas emissions for the United States for the time series 1990 through 2015. This report is
intended to be comprehensive and includes the vast majorityisgiens and removals identified as anthropogenic,
consistent with IPCC and UNFCCC guidelines. In general, sources not accounted for in this Inventory are excluded
because they are not occurring in the U.S., or because data are unavailable to developtaraedfor the sources

were determined to be insignific&mh terms of overall national emissions per UNFCCC reporting guidelines.

The United States is continually working to improve upon the understanding of such sources and seeking to find the
data equired to estimate related emissions. As such improvements are implemented, new emission sources are
guantified and included in the Inventory. For a list of sources not included and more information, see Annex 5 and
the respective source category sectiorsach chapter of this report.

1.9 Organization of Report

In accordance with the revision of the UNFCCC reporting guidelines agreed to at the nineteenth Conference of the
Parties (UNFCCC 2014), thiaventory of U.S. Greenhouse Gas Emissions and Bislkegegated into five sector
specific chapters, listed below Trable1-6. In addition, chapters on Trends in Greenhouse Gas Emissions and Other
information to be considered as part of the U.S. Inventory submission are included.

Table 1-6: IPCC Sector Descriptions

Chapter/IPCC Sector Activities Included

Energy Emissions of all greenhouse gasesulting from stationary and mobile energ
activities including fuel combustion and fugitive fuel emissions, and non
energy use of fossil fuels.

7 See paragraph 32 of Decision 24/CP.19, the UNFCCC reporting guidelines on annual inventories for Parties included in Annex

WR WKH &RQYHQWLRQ 3DUDJUDSK QRWHV WKDW 3«$Q HPLVVLRQ VKRXOG RQO\ E
is below 0.05 per cent of the national total GHG emissions, and does not exceed 5Q&#t TIe total national aggregate of
estimated emissions for all gases and categories considered insignificant shall remain below 0.1 percent of the h&id@al tota
ePLVVLRQV ’
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Industrial Processes and  Emissions resulting from industrial processes and product use ohgresen

Product Use gases.
Agriculture Anthropogenic emissions from agricultural activities except fuel combustio
which is addressed under Energy.
Land Use, LandUse Emissions and removals 60z, and emissions dZH4, and NO fromland use,
Change, and Forestry land-use change and forestry
Waste Emissions from waste management activities.

Within each chapter, emissions are identified by the anthropogenic activity that is the source or sink of the
greenhouse gas emissions being estim@ed, coal mining)Overall, the following organizational structure is
consistently applied throughout this report:

Chapter/IPCC Sector : overview of emission trends for each IPCC defined sector

Source category : Description of source pathway and emissiemds.

Methodology: Description of analytical methods employed to produce emission estimates and identification of data
references, primarily for activity data and emission factors.

Uncertainty and Time Series ConsistencyA discussion and quantificatiorf the uncertainty in emission
estimates and a discussion of tisexies consistency.

QA/QC and Verification: A discussion on steps taken to QA/QC and verify the emission estimates, beyond the
scope of theverall U.S. QA/QC plan, and any key findings.

Realculations: A discussion of any data or methodological changes that necessitate a recalculation of previous
\HDUVY HPLVVLRQ HVWLPDWHYVY DQG WKH LPSDFW RI WKH UHFDOFXODWLR

Planned Improvements A discussion on angourcespecific planned improvements, if applicable.

Special attention is given 0, from fossil fuel combustion relative to other sources because of its share of
emissions and its dominant influence on emission trdratsexample, each energy consumémgtuse sector (i.e.,
residential, commercial, industrial, and transportation), as well as the electricity generation sector, is described
individually. Additional information for certain source categories and other topics is also provided in several
Annexes listed inTable1-7.

Table 1-7: List of Annexes
ANNEX 1 Key Category Analysis
ANNEX 2 Methodology and Data for Estimating €Bmissions from Fossil Fuel Combustio

2.1. Methodology for Estimating Emissions of €om Fossil Fuel Combustion

2.2. Methodology for Estimating the Carbon Content of Fossil Fuels

2.3. Methodology for Estimating Carbon Emitted from NBnergy Uses of Fossil Fuels

ANNEX 3 MethodologicaDescriptions for Additional Source or Sink Categories

3.1 Methodology for Estimating Emissions of GHN20, and Indirect Greenhouse Gases from Stationary
Combustion

3.2. Methodology for Estimating Emissions of GHN20, and Indirect Greenhouse Gafesn Mobile
Combustion and Methodology for and Supplemental Information on TranspoifRglated Greenhouse Ga

Emissions
3.3. Methodology for Estimating Emissions from Commercial Aircraft Jet Fuel Consumption
3.4. Methodology for Estimating C+HEmissias from Coal Mining
3.5. Methodology for Estimating CAHandCO, Emissions from Petroleum Systems
3.6. Methodology for Estimating CHEmissions from Natural Gas Systems
3.7. Methodology for Estimating C£andN20 Emissions from Incineration of Waste
3.8. Methodology for Estimating Emissions from International Bunker Fuels used by the U.S. Military
3.9 Methodology for Estimating HFC and PFC Emissions from Substitution of Ozone Depleting Substanc

3.10. Methodology for Estimating C+HEmissions from Enteric Fermentation

3.11. Methodology for Estimating CHandN20 Emissions from Manure Management

3.12. Methodology for Estimating #0 Emissions, CHEmissions and Soil Organic C Stock Changes from
Agricultural Lands (Cropland an@rassland)

3.13. Methodology for Estimating Net Carbon Stock Changdoirest Land Remaining Forest LaaddLand
Converted to Forest Land

3.14. Methodology for Estimating CHEmissions from Landfills
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ANNEX 4 IPCC Reference Approach for Estimating £Emissions from Fossil Fuel Combustion
ANNEX 5 Assessment of the Sources and Sinks of Greenhouse Gas Emissions Not Included

ANNEX 6 Additional Information

6.1. Global Warming Potential Values

6.2. Ozone Depleting Substance Emissions
6.3. Sulfur Dioxide Emissions

6.4. Complete List of Source Categories
6.5. Constants, Units, and Conversions
6.6. Abbreviations

6.7. Chemical Formulas

ANNEX 7 Uncertainty

7.1. Overview

7.2. Methodology and Results

7.3. Reducing Uncertainty

74. Plannedmprovements

7.5. Additional Information on Uncertainty Analyses by Source
ANNEX 8 QA/QC Procedures

8.1. Background

8.2. Purpose

8.3. Assessment Factors
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2. Trends In Greenhouse Gas Emissions

2.1 Recent Trends iJ.S. Greenhouse Gas
Emissions and Sinks

In 2015, totalgrossU.S. greenhouse gas emissions WigB86.7MMT , or million metric tonscarbon dioxide (C€)
Eq.Total U.S. emissions have increasedtypercent from 1990 to 261and emissiondecreased frm 204 to

2015 by 2.3 percent {53.0MMT CO; Eq.). The decrease in total greenhouse gas emissions between 2014 and 2015
was driven in large part bydecreasén CO, emissions from fossil fuel combustiorhe decreasén CO, emissions

from fossil fuel combustion was a result of multiple factors, includibigsubstitution from coal to natural gas
consumption in the electric power sect@) warmerwinter conditionsn 2015 resulting in adecreased demand for
heating fuel irthe residential and commercial sect@sd(3) aslight decrease in electricity demargince 1990,

U.S. emissions have increased at an average annual aBpefcentFigure2-1 throughFigure2-3 illustrate the

overall trend in total U.S. emissions by gas, annual changes, and absolute shrareg&890. Overall, net emissions

in 2015 werell.5percent below 2005 levels as showmT able2-1.

Figure 2-1: Gross U.S. Greenhouse Gas Emissions by Gas (MMT CO 2 Eq.)
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Figure 2-2: Annual Percent Changein  Gross U.S. Greenhouse Gas Emissions Relative to the
Previous Year

Figure 2-3: Cumulative Change in Annual Gross U.S. Greenhouse Gas Emissions Relative to
1990 (1990=0, MMT CO 2 Eq.)

Overall, from 1990 to 2@, total emissions of Cfncreased b88.4MMT CO, Eq. (6.6 percent), while total

emissions of methane (GHlecreased b$25.1MMT CO;Eq. (16.0percent), and total emissions of nitrous oxide

(N20) decreased b%4.7MMT CO; Eq. 6.9 percent)During the same period, aggregate weighted emissions of
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur hexafluoridg é®¥d nitrogen trifluoride (Ndy rose

by 85.0MMT CO; Eq. 85.3percent) Despite being emitted imsller quantities relative to the other principal

greenhouse gases, emissions of HFCs, PFGsaBé Nk are significant because many of them have extremely

high global warming potentials (GWPSs), and, in the cases of PFgar8FNE, long atmospheridfetimes.

Conversely, U.S. greenhouse gas emissions were partly offset by carbon (C) sequestration in managed forests, trees
in urban areas, agricultural soils, landfilled yard trimmjragsl coastal wetlandEhese were estimated to offset

118 percent ototal emissions in 2L

As the largest contributor to U.S. greenhouse gas emissiongra@®Ofossil fuel combustion has accounted for
approximately7 7 percent of GWRveighted emissions for the entire time series since B®@sions from this
source category grew I8y5 percent 309.4MMT CO; Eq.) from 1990 to 2(B.and were responsible for most of the
increase in national emissions during this perincddition,CO, emissions from fossil fuel combustion decreased
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from 2005levels by697.2MMT CO; Eq., a decrease of approximatelyi@ercent between 20@md2015.From
2014 to 2015, these emissiordecreased bp.9percent {52.5MMT CO- Eq.). Historically, changes in emissions
from fossil fuel combustion have been the duoenit factor affecting U.S. emission trends.

Changes in C@emissions from fossil fuel combustion are influenced by manyterg and shosterm factors,
including population and economic growth, energy price fluctuaiodsmarket trengsechnological lkanges,
energy fuel choices, and seasonal temperatOresn annual basis, the overall consumpgind mixof fossil fuels
in the United States fluctuates primarily in response to changes in general economic conddiatignergy
prices,the relativeprice of different fuelsweather, and the availability of ndassil alternativest-or example, coal
consumption for electricity generation is influencedahyumber of factors includintge relative price of coal and
alternative sourceshe ability toswitch fuels, and longer terms trends in coal markekewise, warmer winters
will lead to a decrease in heating degree daysesult in a decreased demand for heatingdndlelectricity for
heatin the residential and commercial sector, whedtds to a decrease in emissions from reduced fuel use.

Energyrelated CQemissions also depend on the type of fuel or energy consumed and its C inBeadiiging a
unit of heat or electricity using natural gas instead of coal, for example, can tee@® emissions because of the
lower C content of natural géseeTable A39in Annex 2.1 for more detail on ti@& Content Coefficienof

different fossil fuels).

A brief discussion of the year to year variability in fuel combustion emissions islptblselow, beginning with
201.

Recent trends i€O, emissions from fossil fuel combustion show a 3.9 percent decrease from 2011 to 2012, then a
2.6 percent and a 0.9 percent increase from 2012 to 2013 and 2013 to 2014, respectively, and a 2.9 masent decr
from 2014 to 2015. Total electricity generation remained relatively flat over that time period but emission trends
generally mirror the trends in the amount of coal used to generate electricigorifamption of coal used to

generate electricity degasedy roughly 12percent from 2011 to 2012, increased by 4 percent from 2012 to 2013,
stayed relatively flat from 2013 to 2014, and decreased by 14 percent from 2014 to 2015. ThEOveralksion

trends from fossil fuel combustion also follow cllysehanges in heating degree days over that time perigatird)
degree days decreadeyl13 percent from 2011 to 2012, increased by 18 percent from 2012 to 2013, increased by 2
percent from 2013 to 2014, and decreased by 10 percent from 2014 to 20d8efkC O, emission trends from

fossil fuel combustion also generally follow changes in overall petroleum use and emissions. Carbon dioxide
emissions from petroleum decreased by 2.0 percent from 2011 to 2012, increased by 1.6 percent from 2012 to 2013,
increased by 0.8 percent from 2013 to 2014, and increased by 1.7 percent from 2014 to 2015. The increase in
petroleumCO, emissions from 2014 to 2015 somewhat offset emission reductions from decreased coal use in the
electricity sector from 2014 to 2015.

Table2-1 summarizes emissions and sinks from all U.S. anthropogenic sources in weighted units of MEJ.,CO
while unweighted gas emissions and simkkiiotons (kt) are provided ihable2-2.

Table 2-1: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks (MMT CO 2 Eq.)

Gas/Source 1990 2005 2011 2012 2013 2014 2015
CO. 5,123.C 6,131.€ 5,569.E 5,362.1 5,514.C 5,565.5 5,411.4
Fossil Fuel Combustion 4,740.Z 5,746.¢ 5,227.1 5,024.€ 5,156.5 5,202.c2 5,049.¢
Electricity Generation 1,820.€ 2,400.¢ 2,157.7 2,022.z 2,038.1 2,038.C 1,900.7
Transportatiof 1,493.¢ 1,887.C 1,707.€ 1,696.€ 1,713.C 1,742.¢ 1,736.4
IndustriaP 842.5 828.0 775.0 7829 812.2 806.1 805.5
Residential 338.3 357.8 3255 2825 329.7 3454 319.6
Commerciat 217.4 223.5 2204 196.7 221.0 228.7 246.2
U.S. Territories 27.6 49.7 40.9 43.5 42.5 41.4 41.4
Non-Energy Use of Fuels 117.6 138.9 109.8 106.7 123.6 119.0 1255
Iron and Steel Production &

Metallurgical Coke Production 101.5 68.0 61.1 554 53.3 58.6 48.9
Natural Gas Systems 37.7 30.1 35.7 35.2 38.5 42.4 42.4
Cement Production 335 46.2 32.2 35.3 36.4 394 39.9
Petrochemical Production 21.3 27.0 26.3 26.5 26.4 26.5 28.1
Lime Production 11.7 14.6 14.0 13.8 14.0 14.2 13.3
Other Process Uses of Carbonate:! 4.9 6.3 9.3 8.0 10.4 11.8 11.2
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Ammonia Production

Incineration of Waste

Urea Fertilization

Carbon Dioxide Consumption

Liming

Petroleum Systems

Soda Ash Production and
Consumption

Aluminum Production

Ferroalloy Production

Titanium Dioxide Production

Glass Production

Urea Consumption for Nen
Agricultural Purposes

Phosphoric Acid Production

Zinc Production

Lead Production

Silicon Carbide Production and
Consumption

Magnesium Production and
Processing

Wood Biomass, Ethanol, and
Biodiesel Consumptién

International Bunker Fuefs

CH.

Enteric Fermentation

Natural Gas Systems

Landfills

Manure Management

Coal Mining

Petroleum Systems

Wastewater Treatment

Rice Cultivation

Stationary Combustion

Abandoned Underground Coal
Mines

Composting

Mobile Combustiof

Field Burning of Agricultural
Residues

Petrochemical Production

Ferroalloy Production

Silicon Carbide Production and
Consumption

Iron and Steel Production &
Metallurgical Coke Production

Incineration of Waste

International Bunker Fuets

N.O

Agricultural Soil Management
Stationary Combustion
Manure Management

Mobile Combustiof

Nitric Acid Production
Wastewater Treatment
Adipic Acid Production

N O from Product Uses
Composting

Incineration of Waste

13.0
8.0
2.4
15
4.7
3.6

2.8
6.8
2.2
1.2
15

3.8
15
0.6
0.5

0.4

2194
103.5
780.8
164.2
194.1
179.6
37.2
96.5
55.5
15.7
16.0
8.5

7.2
0.4
5.6

0.2
0.2

0.2
359.5
256.6

11.9
14.0
41.2
121

3.4
15.2

4.2

0.3

0.5

9.2
12.5
3.5
1.4
4.3
3.9

3.0
4.1
1.4
1.8
1.9

3.7
1.3
1.0
0.6

0.2

230.7
1131
680.9
168.9
159.7
134.3
56.3
64.1
46.0
16.0
16.7
7.4

6.6
1.9
2.8

0.2
0.1

0.1
361.6
259.8

20.2
16.5
35.7
11.3

4.4

7.1

4.2

1.7

0.4

9.3
10.6
41
41
3.9
4.2

2.7
3.3
1.7
1.7
13

4.0
1.2
13
0.5

0.2

276.4
111.7
672.1
168.9
154.5
119.0
63.0
71.2
48.0
15.3
141
7.1

6.4
1.9
2.3

+

+

0.1
364.0
270.1
21.3
17.4
22.8
10.9
4.8
10.2
4.2
1.7
0.3

9.4
10.4
4.3
4.0
6.0
3.9

2.8
3.4
1.9
15
1.2

4.4
11
15
0.5

0.2

276.2
105.8
666.1
166.7
156.2
120.8
65.6
66.5
46.4
15.1
11.3
6.6

6.2
1.9
2.2

0.3
0.1
+

+

+

+

0.1
340.7
254.1
214
17.5
20.4
10.5
4.8
55
4.2
1.7
0.3

10.0
10.4
4.5
4.2
3.9
3.7

2.8
3.3
1.8
1.7
13

4.0
11
1.4
0.5

0.2

299.8
99.8
658.8
165.5
159.2
116.7
63.3
64.6
44.5
14.9
11.3
8.0

6.2
2.0
2.1

0.3
0.1
+

+

+

+

0.1
335.5
250.5
22.9
17.5
18.5
10.7
4.9
3.9
4.2
1.8
0.3

9.6
10.6
4.8
4.5
3.6
3.6

2.8
2.8
1.9
1.7
13

14
1.0
1.0
0.5

0.2

307.1
103.2
659.1
164.2
162.5
116.6
62.9
64.8
43.0
14.8
114
8.1

6.3
2.1
2.1

0.3
0.1
+

+

+

+

0.1
335.5
250.0
23.4
17.5
16.6
10.9
4.9
54
4.2
1.9
0.3

10.8
10.7
5.0
4.3
3.8
3.6

2.8
2.8
2.0
1.6
13

11
1.0
0.9
0.5

0.2

291.7
110.8
655.7
166.5
162.4
115.7
66.3
60.9
39.9
14.8
11.2
7.0

6.4
2.1
2.0

0.3
0.2
+

+

+

+

0.1
334.8
251.3
23.1
17.7
15.1
11.6
5.0
4.3
4.2
1.9
0.3
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Semiconductor Manufacture + 0.1 0.2 0.2 0.2 0.2 0.2
Field Burning of Agricultural

Residues 0.1 0.1 0.1 0.1 0.1 0.1 0.1
International Bunker Fuefs 0.9 1.0 1.0 0.9 0.9 0.9 0.9
HFCs 46.6 120.0 154.3 155.9 159.0 166.7 173.2
Substitution of Ozone Depleting
Substances 0.3 99.7 1453 150.2 1546 161.3 168.5
HCFGC-22 Production 46.1 20.0 8.8 5.5 4.1 5.0 4.3
Semiconductor Manufacture 0.2 0.2 0.2 0.2 0.2 0.3 0.3
Magnesium Production and
Processing 0.0 0.0 + + 0.1 0.1 0.1
PFCs 24.3 6.7 6.9 6.0 5.8 5.8 5.2
Semiconductor Manufacture 2.8 3.2 3.4 3.0 2.8 3.2 3.2
Aluminum Production 21.5 3.4 35 2.9 3.0 25 2.0
Substitution of Ozone Depleting
Substances 0.0 + + + + + +
SF: 28.8 11.7 9.2 6.8 6.4 6.6 5.8
Electrical Transmission and
Distribution 23.1 8.3 6.0 4.8 4.6 4.8 4.2
Magnesium Production and
Processing 5.2 2.7 2.8 1.6 1.5 1.0 0.9
Semiconductor Manufacture 0.5 0.7 0.4 0.4 0.4 0.7 0.7
NF z + 0.5 0.7 0.6 0.6 0.5 0.6
Semiconductor Manufacture + 0.5 0.7 0.6 0.6 0.5 0.6
Total Emissions 6,363.1 7,313.5 6,776.7 6,538.2 6,680.1 6,739.7 6,586.7
LULUCF Emissions® 10.6 23.0 19.9 26.1 19.2 19.7 19.7
LULUCF Carbon Stock Changé (830.2) (754.0) (769.1) (779.8) (782.2) (781.1) (778.7)
LULUCF Sector Net Total9 (819.6) (731.0) (749.2) (753.8) (763.0) (761.4) (758.9)

Net Emissions (Sources and Sinks) 5,543.F 6,582.2 6,027.€ 5,784.t 5917.1 5,978.2 5,827.7

Notes: Total emissions presented without LULUCF. Net emissions presented with LUTD{@IS. may not sum
due to independent rounding. Parentheses indicate negative values or sequestration.

+ Does not exceed 0.05 MMT G@&g.

aThere was method update in this Inventdiyr estimating the share of gasoline used isra@ad and nomoad
applications. The change does not impact total U.S. gasoline consumption. It mainly results in a shift in ge
consumption from the transportation sedb industrial and commercial sectors for 2015, creating a break in
time series. The change is discussed furthéra@®lanned Improvemengection of Chaptes.1

b Emissions from Wood Biomas&thano) and BiodieseConsumption are not included specifically in summing
Energy sector total®let carbon fluxes from changes in biogenic carbon reservoirs are accounted for in the
estimates for LULUCF.

¢Emissiondrom International Bunker Fuels are not included in totals.

dSmall amounts of PFC emissions also result from this source.

¢ LULUCF emissions include the Glnd NO emissions reported f&eatlands Remaining Peatlandirest Fires
Drained Organic SoilsGrassland Fires, ar@bastal Wetlands Remaining Coastal Wetlaigtd: emissions from
Land Converted to Coastal Wetlandsd NO emissions from Forest Soils and Settlement Soils.

f LULUCF Carbon Stock Changs the net C stock change from the followirademoriesForest Land Remaining
Forest LandLand Converted to Forest Lan@ropland Remaining Croplandland Converted to Cropland
Grassland Remaining Grasslaridand Converted to Grasslan@/etlands Remaining Wetlandsind Converted t
Wetlands Settlements Remaining SettlemeatslLand Converted to Settlemen®efer toTable2-8 for a
breakout of emissions and removalslfol. UCF by gas ad source category

9The LULUCF Sector Net Total is the net sum of all<@GAd NO emissions to the atmosphere plus net carbon
stock changes.

Table 2-2: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks (kt)
Gas/Source 1990 2005 2011 2012 2013 2014 2015
CoO. 5,123,04: 6,131,83: 5,569,51¢ 5,362,09¢ 5,514,01¢ 5,565,49¢ 5,411,40¢
Fossil Fuel Combustion 4,740,34: 5,746,94: 5,227,06 5,024,64: 5,156,52! 5,202,30( 5,049,76:
Electricity Generation 1,820,81¢ 2,400,87¢ 2,157,68¢ 2,022,18. 2,038,12: 2,038,01¢ 1,900,67:
Transportatioft 1,493,75¢ 1,887,03¢ 1,707,631 1,696,75: 1,713,00: 1,742,811 1,736,38¢
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IndustriaP
Residential
Commercigt
U.S. Territories
Non-Energy Use of Fuels
Iron and Steel Production &
Metallurgical Coke
Production
Natural Gas Systems
Cement Production
Petrochemical Production
Lime Production
Other Process Uses of
Carbonates
Ammonia Production
Incineration of Waste
Urea Fertilization
Carbon Dioxide Consumption
Liming
Petroleum Systems
Soda Ash Production and
Consumption
Aluminum Production
Ferroalloy Production
Titanium Dioxide Production
Glass Production
Urea Consumption for Nen
Agricultural Purposes
Phosphoric Acid Production
Zinc Production
Lead Production
Silicon CarbideProduction anc
Consumption
Magnesium Production and
Processing
Wood Biomass, Ethanol, and
Biodiesel Consumptién
International Bunker Fuets

CH.

Enteric Fermentation

Natural Gas Systems

Landfills

Manure Management

Coal Mining

Petroleum Systems

Wastewater Treatment

Rice Cultivation

Stationary Combustion

Abandoned Underground Co:i
Mines

Composting

Mobile Combustiof

Field Burning of Agricultural
Residues

PetrochemicaProduction

Ferroalloy Production

Silicon Carbide Production ar
Consumption

842,47¢
338,347
217,39¢

27,55¢
117,58¢

101,487
37,732
33,484
21,32¢
11,70C

4,907
13,047
7,950
2,417
1,472
4,667
3,553

2,822
6,831
2,152
1,195
1,535

3,784
1,529
632
516

375
1

219,415
103,462
31,232
6,566
7,762
7,182
1,486
3,860
2,218
627
641
339

288
15
226

9
9
1

1

827,99¢
357,834
223,48C

49,723
138,915

68,047
30,07¢
46,194
26,972
14,552

6,339
9,196
12,46¢
3,504
1,375
4,349
3,927

2,960
4,142
1,392
1,755
1,928

3,653
1,342
1,030

553

219
3

230,70C
113,13¢
27,238
6,755
6,387
5,372
2,254
2,565
1,840
639
667
296

264
75
113

8
3
+

774,951
325,537
220,381

40,874
109,75¢€

61,108
35,662
32,208
26,33¢
13,982

9,335
9,292
10,564
4,097
4,083
3,873
4,192

2,712
3,292
1,735
1,729
1,299

4,030
1,171
1,286

538

170
3

276,41:
111,66C
26,884
6,757
6,180
4,760
2,519
2,849
1,922
613
564
283

257
75
91

11
2
+

782,92¢
282,54(C
196,714

43,527
106,75(C

55,44¢
35,203
35,27C
26,501
13,78¢%

8,022
9,377
10,37¢
4,267
4,019
5,978
3,876

2,763
3,439
1,903
1,528
1,248

4,407
1,118
1,486

527

158
2

276,201
105,80¢
26,64<
6,670
6,247
4,834
2,625
2,658
1,858
604
453
265

249
77
87

11
3
1

+

812,22¢
329,67
221,03(

42,467
123,64¢

53,34¢
38,457
36,36¢
26,39t
14,02¢

10,414
9,962
10,39¢
4,504
4,188
3,907
3,693

2,804
3,255
1,785
1,715
1,317

4,014
1,149
1,429

546

169
2

299,78t
99,768
26,351
6,619
6,368
4,669
2,530
2,584
1,778
597
454
320

249
81
85

11
3
+

806,07¢
345,36-
228,66¢

41,365
118,99t

58,62¢
42,351
39,43¢
26,49¢
14,21C

11,811
9,619
10,60¢
4,781
4,471
3,609
3,567

2,827
2,833
1,914
1,688
1,336

1,380
1,038
956
459

173
2

307,07¢
103,201
26,36€
6,567
6,501
4,663
2,514
2,593
1,721
592
456
323

253
84
82

11
5
1

+

805,49¢
319,591
246,241

41,38C
125,52¢

48,87¢
42,351
39,907
28,062
13,34z

11,23¢€
10,79¢
10,67¢€
5,032
4,296
3,810
3,567

2,789
2,767
1,960
1,635
1,299

1,128
999
933
473

180
3

291,73t
110,751
26,22¢
6,661
6,497
4,628
2,651
2,436
1,595
501
449
280

256
84
80

11
7
1

+
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Iron and Steel Production &
Metallurgical Coke

Production 1 1 + + + + +
Incineration of Waste + + + + + + +
International Bunker Fuets 7 5 5 4 3 3 3

NO 1,207 1,214 1,222 1,143 1,126 1,126 1,124
Agricultural Soil Management 861 872 906 853 841 839 843
Stationary Combustion 40 68 71 72 77 78 78
Manure Management 47 55 58 59 59 59 59
Mobile Combustiof 138 120 77 68 62 56 51
Nitric Acid Production 41 38 37 35 36 37 39
Wastewater Treatment 11 15 16 16 16 16 17
Adipic Acid Production 51 24 34 19 13 18 14
N © from Product Uses 14 14 14 14 14 14 14
Composting 1 6 6 6 6 6 6
Incineration of Waste 2 1 1 1 1 1 1
Semiconductor Manufacture + + 1 1 1 1 1
Field Burning of Agricultural

Residues + + + + + + +
International Bunker Fuets 3 3 3 3 3 3 3

HFCs M M M M M M M
Substitution of Ozone

Depleting Substancés M M M M M
HCFG-22 Production 3 1 1 + + + +
Semiconductor Manufacture + + + + + + +
MagnesiumProduction and

Processing 0 0 + + + + +

PFCs M M M M M M M
Semiconductor Manufacture M M M M M M M
Aluminum Production M M M M M M M
Substitution of Ozone

Depleting Substances 0 + + + + + +

SF* 1 1 + + + +
ElectricalTransmission and

Distribution 1 + + + + + +
Magnesium Production and

Processing + + + + + + +
Semiconductor Manufacture + + + + + + +

NE Z + + + + + + +
Semiconductor Manufacture + + + + + + +

+ Doesnot exceed 0.5 kt.

M - Mixture of multiple gases

aThere was a method update in this Invenfonestimating the share of gasoline used irr@ad and nomoad applications. The
change does not impact total U.S. gasoline consumption. It mainly results in a shift in gasoline consumption from the
transportation sector to industrial and commercialosedor 2015, creating a break in the time series. The change is discu:
further inthe Planned Improvemenggction of Chaptes.1

b Emissions from Wood Biomag&thano) and BiodieseConsumption are not included specifically in summing Energy sectt
totals.Net carbon fluxes from changes in biogenic carbon resera@raccounted for in the estimates for LULUCF.

¢Emissions from International Bunker Fuels are not included in totals.

dSmall amounts of PFC emissions also result from this source.

Notes:Totals may not sum due to independent roundiagentheses indi@negative values or sequestration.

Emissions of all gases can be summed from each source category into a set of five sectors defined by the
Intergovernmental Panel on Climate Change (IPE@ure2-4 andTable2-3 illustrate that over the twenix

year period of 1990 to 281totalemissions in the Energy, Industrial Processes and Product Use, and Agriculture
sectors grew b221.0MMT CO; Eqg. @.1 percent)35.5MMT CO; Eg. (L0.4percent), an@7.0MMT CO; Eq. 6.5
percent), respectively. Emissions from the Waste sector decreaS8d®MMT CO; Eq. (30.1percent) Over the
same period, estimates of net C sequestration for the Land UseUkart@hange, and Forestry sector (magnitude
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of emissions plus CQemovals from all LULUCF categories) increasedBy7 MMT CO; Eq. (7.4 percent

decrease in net C sequestrafion

Figure 2-4: U.S. Greenhouse Gas Emissions and Sinks by Chapter/IPCC Sector (MMT CO

Eq.)

Table 2-3: Recent Trends in U.S.

Sector (MMT CO 2 Eq.)

Greenhouse Gas Emissions and Sinks by Chapter/IPCC

2

Chapter/IPCC Sector 1990 2005 2011 2012 2013 2014 2015

Energy 5,328.1 6,275.Z 5,721.z 5,507.C 5,659.1 5,704.¢ 5,549.1
Fossil Fuel Combustion 4,740.2 5,746.€ 5,227.1 5,024.€ 5,156.5 5,202.2 5,049.¢
Natural Gas Systems 231.8 189.8 190.2 191.4 197.7 204.9 204.8
Non-Energy Use of Fuels 117.6 138.9 109.8 106.7 123.6 119.0 125.5
Coal Mining 96.5 64.1 71.2 66.5 64.6 64.8 60.9
Petroleum Systems 59.0 49.9 52.2 50.3 48.2 46.6 43.4
Stationary Combustion 20.4 27.6 28.4 28.0 30.9 315 30.1
Mobile Combustiof 46.9 38.6 25.1 22.6 20.6 18.6 171
Incineration of Waste 8.4 12.9 10.9 10.7 10.7 10.9 11.0
Abandoned Underground Coal Min 7.2 6.6 6.4 6.2 6.2 6.3 6.4

Industrial Processes and Product Use 340.4 353.4 371.0 360.9 363.7 379.8 375.9
Substitution of Ozone Depleting

Substances 0.3 99.8 145.4 150.2 154.7 161.3 168.5
Iron and Steel Production &

Metallurgical Coke Production 101.5 68.1 61.1 55.5 53.4 58.6 48.9
Cement Production 335 46.2 32.2 35.3 36.4 394 39.9
Petrochemical Production 21.5 27.0 26.4 26.6 26.5 26.6 28.2
Lime Production 11.7 14.6 14.0 13.8 14.0 14.2 13.3
Nitric Acid Production 12.1 11.3 10.9 105 10.7 10.9 11.6
Other Process Uses of Carbonates 4.9 6.3 9.3 8.0 10.4 11.8 11.2
Ammonia Production 13.0 9.2 9.3 9.4 10.0 9.6 10.8
Semiconductor Manufacture 3.6 4.7 4.9 4.5 4.1 5.0 5.0
Aluminum Production 28.3 7.6 6.8 6.4 6.2 5.4 4.8
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Carbon Dioxide Consumption 15 14 4.1 4.0 4.2 4.5 4.3

HCFC-22 Production 46.1 20.0 8.8 5.5 4.1 5.0 4.3
Adipic Acid Production 15.2 7.1 10.2 5.5 3.9 5.4 4.3
N O from Product Uses 4.2 4.2 4.2 4.2 4.2 4.2 4.2
Electrical Transmission and
Distribution 23.1 8.3 6.0 4.8 4.6 4.8 4.2
Soda Ash Production and
Consumption 2.8 3.0 2.7 2.8 2.8 2.8 2.8
Ferroalloy Production 2.2 1.4 1.7 1.9 1.8 1.9 2.0
Titanium Dioxide Production 1.2 1.8 1.7 15 1.7 1.7 1.6
Glass Production 15 1.9 1.3 1.2 1.3 1.3 1.3
Urea Consumption faxon-
Agricultural Purposes 3.8 3.7 4.0 4.4 4.0 14 11
Magnesium Production and
Processing 5.2 2.7 2.8 1.7 1.5 1.1 1.0
Phosphoric Acid Production 15 1.3 1.2 1.1 11 1.0 1.0
Zinc Production 0.6 1.0 1.3 15 1.4 1.0 0.9
Lead Production 0.5 0.6 0.5 0.5 0.5 0.5 0.5
Silicon Carbide Production and
Consumption 0.4 0.2 0.2 0.2 0.2 0.2 0.2
Agriculture 495.3 526.4 541.9 525.9 516.9 514.7 522.3
Agricultural Soil Management 256.6 259.8 270.1 254.1 250.5 250.0 251.3
Enteric Fermentation 164.2 168.9 168.9 166.7 165.5 164.2 166.5
Manure Management 51.1 72.9 80.4 83.2 80.8 80.4 84.0
Rice Cultivation 16.0 16.7 14.1 11.3 11.3 114 11.2
Urea Fertilization 2.4 3.5 4.1 4.3 4.5 4.8 5.0
Liming 4.7 4.3 3.9 6.0 3.9 3.6 3.8
Field Burning of Agricultural
Residues 0.3 0.3 0.4 0.4 0.4 0.4 0.4
Waste 199.3 158.2 142.6 144.4 140.4 140.2 139.4
Landfills 179.6 134.3 119.0 120.8 116.7 116.6 115.7
Wastewater Treatment 191 20.4 20.1 19.9 19.8 19.7 19.7
Composting 0.7 3.5 3.5 3.7 3.9 4.0 4.0
Total Emission® 6,363.1 7,313.2 6,776.7 6,538.2 6,680.1 6,739.7 6,586.7
Land Use, LandUseChange, and
Forestry (819.6) (731.0) (749.2) (753.8) (763.0) (761.4) (758.9)
Forest Land (784.3) (729.8) (733.8) (723.6) (733.5) (731.8) (728.7)
Cropland 24 (0.7) 4.0 13 3.1 4.0 4.7
Grassland 13.8 25.3 9.9 0.8 0.4 0.9 0.4
Wetlands (3.9 (5.2) (3.9) (4.0) (4.0) (4.0) (4.1)
Settlements (47.6) (20.5) (25.4) (28.3) (28.9) (30.4) (31.3)
Net Emission (Sources and Sink$) 5,543.5 6,582.2 6,027.€ 5,784.t 5917.1 5,978.c 5,827.7

Notes: Total emissions presenteithout LULUCF. Net emissions presented with LULUCF.

aThere was a method update in this Invenfonestimating the share of gasoline used irraad and nomoad applications
The change does not impact total U.S. gasoline consumption. It mainly nesulibift in gasoline consumption from the
transportation sector to industrial and commercial sectors for 2015, creating a break in the time series. The chang
discussed further ithe Planned Improvementection of Chaptes.1

b Total emissions without LULUCF.

¢ Net emissions with LULUCF.

Notes:Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration.

Energy

Energyrelated activities, primarily fossil fuel combustion, accounted for the vast majority of U,&ni€sions for
the period of 1990 through 2BJIEmissions from fossil fuel combustion comprise the vast majority of energy
related emissions, with G®eing the primary gas emitt¢deeFigure2-5). Due to their relative importance, fossil
fuel combustiorrelated CQ@emissions are considered in demithe Energy chaptéseeFigure2-6). In 2015,

Trends 2-9



approximately82 percent of the energy consumed in the United States (on a Btu basis) was produced through the
combustion of fossil fueldhe remainind.8 percent came from other energgurces such as hydropower, biomass,
nuclear, wind, and solar enerdgydiscussion of specific trends related to 9 well as other greenhouse gas
emissions from energy consumption is presented in the Energy cliapegyrelated activities are alsesponsible

for CHs and NO emissions42 percent and 2 percent of total U.S. emissions of each gas, respectivelip)e2-4
presents greenhouse gas emissions from the Energy chapter, by source and gas.

Figure 2-5: 201 5 Energy Chapter Greenhouse Gas Sources (MMT CO 2 Eq.)

2-10 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 £2015








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































